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TO THE 


COUNT DE BUFFON, 


&e, &c. &c. 


Bois ZR, 


| OU did me honour by permitting me to ad- 
drefs to you my Tranflation of your illu- 
frious work ; and I am proud to exercife the pri= 
_ vilege you fo politely conferred upon me. The im- 
portant Information it contains, and the Eloquence 
of its compofition, joined to the Ingenuity, Tafte, 


and 


ae Diep Cea th Oa, 

| nd Erudition with which it abounds, induced 
me to think that aVerfion of it into the Enghfh 
language: by diffufing the knowledge of Nature, 
would increase the number of her admirers. The. 
talk, it muft be acknowledged, was arduous ; but 
your approbation and encouragement, by redou- 
bling my vigour, dimimfhed the difficulty of the 


labour. 


It was with the livelic pleafure that I re- 
ceived your communications refpecting the valu- 
able Performances you have already publifbed, 
and concerning thofe great undertakings which 
now engage your attention, J failed not to an- 
nounce to | your friends in this country the advan- 
tages which Science and Literaiure bave yet to 
expect from you ; and I nced hardly obferve, that 
_ their «wifhes and my own, for the accomplifhment 


of your purpoles, are in proportion to the sr ot 
of your ue 


The fuccefs which the Tranflation has met 


with, 


DEDICATION. v. 


with, Iimpute to the celebrity of your name, and 
to the high value of the original. 


I ds the honour to ei 
With the moft entire refpeci, 
SR 
Your moft obedient, and 
Moft humble fervant, 


WILLIAM SMELLIE, 


Eprx. May to. 
1781. 
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“PREFACE 


D ROUE 6 FAO okie 
BY 
THE TRANSLATOR. 


ATURAL History is the moft extenfive, 
|: and perhaps the moft inftruétive and en- 
tertaining of all the fciences. It is the chief 
_ fource from which human knowledge is deri- 
ved, “fo recommend the ftudy of it from mo- 
tives of utility, were to affront the underftand- 
ing of mankind, Its importance, accordingly, 
in the arts of life, and in ftoring the mind with 
juft ideas of external objects, as well as of theic 
relations to the human race, was early percei- 
_ ved by all nations in their progrefs from rude- - 
nefs to refinement. | 
But, notwithftanding the great advantages to 
be derived from the knowledge of Nature, A- 
riftotle is the only ancient writer on ZoorLocay 
who merits attention. Inftead of retailing fic- 
tions, or facts founded upon ignorance and cre- 
dulity, he inveftisated the relations and differ - 
ences which conne& and diftinguith the various 
tribes of animals. What had been only a chaos 
of detached, uncertain, and often fabulous nar- 
rations and defcriptions, he reduced into a {cien- 
tific form, with a fuccefs fo amazing, that, tothis 
Sip hour, 
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hour, no fyftematic view of animated beings has 
been attempted, the principles of which have 
not been adopted from Ariftotle’s hiftory of ani- 
mals, His analogies and diftinétions are taken 
not only from the inftruments of motion, the 
teeth, the eyes, the heart, and other external and 
internal organs of the body, to which the atten- 
tion of our modern methodifts has been chiefly 
confined, but from magnitude, figure, manners, 
faculties, and difpofitions of mind. He attempt- : 
ed not to arrange and define every known {pe- 
cies. This labour he left to men of lefs geni- 
us and moré patience. His work confifts entire+ 
ly of philofophical differtations on the general 
ftrudure, manners, and difpofitions of animals ; 
and his particular facts are always employed 
to fupport the principles which he is sake one, 
ing to eftablifh. 

Pliny and Ælian, Nr ath had ae illu- 
ftrious example of Ariftotle before them, produ- 
ced nothing but crude colleëtions, onu 
covering much: tafte, judgment, or knowledge 
of the fubje@. >. 

From this period, till the voluminous Gefner 
and Aldrovandus appeared, the knowledge of — 
Nature, ‘like other branches of literature, was in- 
volved in the general gloom of ignorance and 
fuperftition., lt was the obje& of thefe authors 
.toamaf every thing that had, been faid of ani- 
mals by poets, fhepherds, grammarians, philo- 
TRÈS phyficians, and old women. Their pro 

lixity, 
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lixity, of courfe;iis infufferable. Their labours, 
however, may. be regarded as rude quarries, 
from which fome valuable materials maybe dug; 
but the expence of removing the rubbifh will, 
perhaps, overbalance their intrinfic value. 

In the fame’clafs, with little exception, may 
be ranked, Wotton, Belon, Rondeletius, Salvia- 
nus, Johnfon, and a multitude of fimilar writers, 
They all tranfcribed, and fometimes abridged, 
the labours of their predeceffors ; but they uni- 
formly loft fight of philofophy and fcience. 

This race of phlegmatic writers was fuc- 
ceeded by our celebrated countrymen Mr Ray 
and Mr Willoughby, who were admirers of 
Nature, and lamented the flovenly drefs. in 
which the had been formerly exhibited. They 
knew the value of her treafures, and. with- 
ed to fhow them in their native brilliancy. 
They rejeéted dubious and fiditious relations. 
They,added; from obfervation and experiment, 
many new facts : They arranged animalsunder 
proper clailes and fubdivifions :. They defcribed 
with accuracy and precifion : They pointed out 
the importance of the fcience, and recommended 
the fludy of it by the folidity and clearnefs of 
their views, and by the brevity and perfpicuity 
of their compofitions. This tafte continued 
fome time, and produced the works of Reaumur, 
Trembley, Buffon, and fimilar publications, 

, From beginnings fo profperous much was. to 
be expected, But the excellency: of method was 
| no 
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no fooner recognifed, than the philofophy of the 
fcience was nearly extinguifhed by a profufion 
of new termsand arrangements. ‘The juftly ce 
lebrated Linnaeus, by perfevering induftry, j apie 
ed to the utility of his technical Diétionary , 
unfortunately turned the attention of moft na- 
turalifts, though contrary to the learned author's 
defign, from the great views of Nature to the 
humble ambition of fyftem-making.. It is need- 
lefs to fpecify examples. Every philofopher 
muft have obferved, with regret, that inundation 
of methodical diftributions which have fuccef- 
fively appeared during the courfe of thefe laft 
thirty or forty years. Since Linnaeus’s works 
were publifhed, the attention of Naturalifts has 
betn principally occupied with criticifing former 
arrangements, and fabricating new ones. The 
philofophy of the fcience has, of courfe, been 
almoft totally neglected, Natural hiftory has 
been exhibited in its moft forbidding afped, 
which has limited the ftudy of it to a few, and 
_thefe often not of the moft brilliant date ; for 
it has been remarked, that the parade of learn- 
ing, refulting from technical phrafes and defini- 
tions, allure fome men to become what is called 
great naturalifis, whole chief knowledge of Na- 
ture is the knack of being able to name, with fa- 
cility, a great number of her prpduétions; | 

| nu This 
LA Syftema Naturae, which, with regard to oe 
can be’confidered in no other light. 
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This propenfity for multiplying methodi- 
cal diftributions, and difputing about their re- 
fpective merits, has brought much obloquy on 
the fcience of Nature. Men of fenfe perceive 
the folly of difcuffions concerning the local fitu- 
ation of: an animal in a book, They confider 
the authors as learned triflers; and, what is 
worle, they are apt to regard a fubjeét, which 
affords no better entertainment or information, 
as barren and unprofitable. ‘To no other fource 
can we afcribe the following fentiments, fo fre- 
quently exprefled by men of no inconfiderable 
talents: * That natural hiftorians have feldom 
“ difcovered extenfive views; that they confine 
‘their chief attention to the mere technical part 
© of the feience; that they rarely take notice of 
‘ manners and Miche or the caufes and'oeco- 
‘nomy of animal action ; and that they never 
‘ purfue thefe great and ufeful objects with a 
« degree of tafte and philofophical accuracy, pro- 
* portioned to the importance of the fubje&. 
Thefe ftriétures are common: | with that they 
had no foundation in truth, | 
In natural hiftory, two ends only can’be at- 
tained by fyftem. Both of them are ufeful; 
but they are extremely different in their kinds. 
Syftem may be employed either to facilitate the 
diftinction of objects, or to afcertain their rela- 
tions in the {cale of being. 
The firft fpecies of fyftem, it is obvious, muft 
confit entirely of a feries of external or inter- 
nal 


sciv “PY FO M Fi Alc! Fi 


nal characters. It is of little moment, whether 
the objects ranked under particular ORDERS be 
mutually connected; becaufe, if we may judge 
from the many laborious, but abortive attempts 
which have been made, Nature feems not to 
have expreffed fuch connections in characters 
recognifable by our fenfes. A fyftem fo limited 
in its principles and defign, can never aflume a- 
ny other form than that of a technical index or 
diétionary. If the general and particular cha- 
racters be fo marked, that a ftudent, after learn- 
ing the divifions and language of. the author, 
can inveftigate the proper names of the objects 
prefented to him, this fyftem is perfect; becaufe 
its fole and Dana intention is fulfilled. 

Were every naturalift of the fame fentiments 
with regard to this point, many incumbrances, 
which now load the fcience, would be removed; 
the tyro would not be difgufted and retarded by 
an infinity of fynonimes; natural hiftory would 
acquire a more fimple and intelligible form; and 
the number of its votaries would foon be aug- 
mented. 

The fecond fpecies of fyftem is more elevated 
and fublime. But, as it includes the whole phi- 
lofophy of Nature, it requires a depth of judg- 
ment, a fuperiority of genius, an extent of know- 
ledge, which are feldom united in the fame per- 
fon. Natural objets are: wonderfully diverfi- 
fied in their ftruture, ceconomy, and faculties. 
But; in tele as well as in many other circum- 

ftances, 
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ftances, they are no lefs wonderfully connected, 
Here, then, are foundations for conftru@ing the 
fyftem of Nature. To mark the diftinGtions, 
to inveftigate the relations, to afcertain the great 
chain that unites the numeroys tribes which 
people and adorn the univerfe, would demand 
talents fuperior, perhaps; to thofe of humanity. 
We ought not, however, to defpair. - Hardly 
any bounds can be fet to the combined force of 
different minds acting fucceflivel y upon the fame 
fubje&. Something has already been done. 
More may in time appear : Nature, in fome fu- 
ture period, may happily unite philofophy and 
Natural Hiftory, a phaenomenon which has hi- 
therto been but partially exhibited, 

Among thofe authors, whether ancient or mo- 
dern, who have contributed to unfold the phi- 
lofophy of Natural Hiftory, the Count pe 
Burron holds the moft diftinguithed rank, 
This learned and eloquent writer has introduced 
into his fubje@s a greater variety of difquifition, — 
and given more comprehenfive views of Nature, 
than any preceding or contemporary hiftorian. 
His faéts are, in general, collected with jude- 
ment and fidelity ; and his reafonings and in- 
ferences are not only bold and ingenious, but 
adorned with all the beauties of expreflion, and 
all the charms of novelty, They every where 
lead to réfle@ions which are momentous and in= 
terefting.. They expand the mind and banifh © 
Prejudices, They create an elevation of thought, 


and 
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and cherifh an ardour of inquiry. They open | 
many great and delightful profpeéts of the oecos 
nomy of Nature, of the alterations and acci- | 
dents to which fhe is liable, of the caufes of her 
improvement or degeneration, and of the gene- 
ral relations that connect the whole, and give 
rife to all the diverfities which charaéterife and 
conftitute particular orders of exiftence. 

The original work, of which I have attempt- 
ed a tranflation, was undertaken and carried in- 
to execution under the munificent encourage- 
ment of a great monarch. The defign was to 
compofe a hiftory which fhould record not only 
every phaenomenon in the univerfe that was al- 
ready known, but to examine, defcribe, and ° 
delineate from the life, all the animals which 
could be procured by royal influence. A plan 
fo extenfive required the joint operation of,: at 
leaft, two perfons; the one to compofe the hi- 
Rtorical part, the other to diffect and minutely 
defcribe every animal, both native and foreign, 
that fhould be obtained. The literary character 
and philofophic talents of the Count DE Bur- 
FON pointed him out for the execution of the 
firft department; and the acutenefs and anato- 
mical {kill of M. DAUBENTON recommended 
him for that of the fecond. 

Three volumes of this great work were given 
to the public in year 1749. Thefe volumes 
exhibited fuch difplays of learning, tafte, genius, 
and eloquence, as procured to the author un 
common 
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common admiration; and excited a ftrong and 


general defire for the completion of his plan ; 
which however, from various caufes, was not 
accomplifhed till the year 1707: 5? 

The Count pr Burron, in the year 17765. 
favoured the world with a fupplementary vo- 


lume to his hiftory of quadrupeds, which, befide 


/ 


an ingenious differtation on Mules, contains thé 
hiftory and figures of feveral new animals, and 
valuable additions to moft of thofe deferibed in’ 
the original publication, | is | 

It would be improper to enter more minutely 
into the hiftory or contents of this magnificent 
work. Such is the fertility of the author’s ge- 
nius, and fuch his ardour for philofophic inqui- 
ry, that, when treating of the moft common := 
nimals, he often aftonifhes his reader with thé 
profoundnefs of his remarks; and the beauty of 
his analogical difcuffions, pe 

But, though thé publication was a great ace 
quifition to literature ; yet the high price of 
SIXTEEN GUINEAS, which was an unavoidable 


 confequence of its {plendour; and of the prodi- 


gious number of its élegant engravings, confined 
its utility to men of opulence. Senfible ot this 
inconvenience, thé COUNT DE BuFFON, a few 
years ago, publifhed an edition in temo and, 
to bring it within the reach of common purcha= 


fers, he excluded from it the long and minute 


anatomical difleétions and menfurations. 

* After this fhort fketch of the Count DE 
Burrow’s Eiftory of Nature, it may feem frange 
NO, | b that 
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that no décent tranflation of it has hitherto ap= 
peared in the Englith language. To fuch an 
undertaking, the great expence of the engra- 
_vings was one folid objeélion. Another arofe 
from the vaft variety of learning employed by 
the author, When to thefe are added the ex- 
uberance of his fancy, the eloquence and force 
of his didtion, the delicacy and acutenefs of his 
difquifitions, we fhould rather wonder how any _ 
man could reconcile himfelf to a tafk fo labo- 
rious, and-which required the union of fuch di- 
verffied talents, 
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This tranflation comprehends what is contains 
ed in the original fifteen volumes in quarto, to- 
gether with the fupplementary volume to the 
hiftory of quadrupeds, except the defcription of 
the King’s cabinet, the dry and uninterefting a- 
natomical diffleClions and menfurations, which 
can be of little ufe but to profefled anatomifts, 
and have been properly omitted by the author ~ 
in the laft Paris edition, The method of fludy-- 
ing Natural Hiftory ; the reprehenfion of me- 
thodical diftributions; and the mode of defcribing 
animals, are likewife omitted. The chief inten- 
tion of thefe difcourfes is to ridicule the authors 
of fy{tematic arrangements, and particularly the 
late ingenuous and indefatigable Sir Charles Line 
naeus, whofe zeal and labours in promoting the 
invefligation of natural objects merit the higheft — 

| | applaufe, 
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applaufe. There is a ftronger reafon for this 
omiffion: The fame remarks and arguments aré, 
perhaps, too frequently repeated in the hiftory 
of particular animals, | 

To render this Englifh verfion more valuable, 
the tranflator has added fhort diftinétive deferip- 
tions to each fpecies of quadrupeds. For thefe 
he has been indebted to the labours of the learn: 
ed and ingenious Mr Pennant. Befide thefe 
_ufeful additions, the fynonimes, and the generic 
and fpecific charaëters given by Linnaeus, Klein, 
Briffon, and other naturalifts, are fubjoined to 
the defcription of each fpecies. 

Where the author commits miftakes, or where . 
he recommends pradices, regarding the manage- 
ment of particular animals, which differ from 
thofe obferved in this country, the tranflator has 
taken the liberty of animadverting upon fuch 
paflages in notes: But he has feldom taken any 
notice of peculiar theories or doétrines. Thefe 
_ muft reft upon the fa@s and arguments employ- 
ed by the author. It was not the intention of 
the tranflator to write a commentary upon his 
‘Original, | fe . 

The great variety of fubjects difcufled by the - 
Count de Buffon, has already been mentioned. 
tis almoft unneceffary to remark, that every 
fubjeët demands a peculiar ftyle. A bare enu- 
meration of facts, or defcriptions of the dimen- 
fions, figure, and colour of animals, admit of no 
other ornament than that of perfpicuity. Topics 
of philofophy and argument require a higher and 

| | more 
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more figurative expreffion : And addrefles ta 
the paffions, and the finer feelings of men, give 
full fcope to the exercife of genius and of tafte, — 
Of thefe different fpecies of writing, the ex- 
amples are numerous in the works of the Count 
DE BurFron. The tranflator has endeavoured 
to follow the original, as far as his abilities 
would permit. The degree of fuccefs he has 
attained muft be fubmitted to the impartial de= 
termination of the public. He fhall only fay; 
that his apprehenfions, though he is confcious 
of no voluntary negligence, are muse greater 
than his hopes, 


N. B. Since the firft edition was printed, the 
Count de Buffon has publifhed another fupple= 
mentary volume. It confifts chiefly of curious 
and interefting facts with regard to the biftory 
of the earth. Thefe the Tranflator has added in 
a feparate volume, which, to accommodate the 
purchafers of the former edition, he has directed 
to Le fold by itfelf. 


| ae In the dimenfions of animals, thé tan. 
flator has retained the French meafures. The 
differences between the foot or inch of England 
and France are fo inconfiderable, when applied 
to individual animals, that he thought it un¢ 
neceilary to reduce hein to the precife Englifh 
ftandard, efpecially as the dimenfons are Roi 
in the SR ai added in the notes. 
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HE figure of the earth *, its motions, ot 

the external relations which fubfift be: 
tween it and the other parts of the univerfe, be 
long not to our prefent inquiry. It is the inter- 
nal. ftru€ture of the globe, its form and manner 
of exiftence, which we here propofe to examines 
The general hiftory of the earth ought to precede 
that of its productions. Details of particulaf 
facts relating to the oeconomy and manners of 
-animals, or to the culture and vegetation of 
plants, are not, perhaps, fo much the objects of 
natural hiftory, as general dedu€tions from the 
obfervations that have been made upon the dif- 
ferent materials of which the earth itfelf is com+ 
poled; as its heights, depths, and inequalities; 
the motions of the fea, the direction of moun- 
tains, the fituation of rocks and quarries, the ra 


dis and effects of currents in the ocean, &c. 
A This 


* See fabfequent Proofs of the theory of the earth, art. I. 
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Thisis the hiftory of Nature at large, an of her 
principal operations, by which every other infe- 
rior or lefs general effect is produced. The the- 
ory of felt: effects conftitutes what may be cal- 
led the primary fcience, upon which a precite 
knowledge of particular appearances, as well as 
of terreftrial fubftances, folely depends. This 
fpecies of fcience may be confidered as apper- 
taining to phyfics ; but, is not all phyfical know- 
ledge, where fyftem is excluded, a part of the 
hiftory of nature? | 

In fubjeéts of an extenfive kind, me relations 
- of which it is difficult to trace, where. fome 
facts are but partially: known, and others ob- 
fcure, it. is more eafy to form a fanciful fyftem, 
than to eftablith a rational theory. Thus the 
theory of the earth has never hitherto been 
treated but in a vague and hypothetical manner. 
I fhall, therefore, exhibit a curfory view only: 
of the notions of fome authors who ns writ= | 
ten upon this fubject. 

The firft hypothefis I fhall mention is more 
confpicuous | for its ingenuity than folidity. Tt 
is the production of an Englifh'aftronomer*, 
who was an enthufiaftic admirer of Sir Ifaac 
Newton’s fyftem of philofophy. Convinced 
that every poflible event depends upon the mo- 
tions and direction of the ftars, he endeavours 
to prove, by means of mathematical calculations, 


that 
* Whifton. See the proofs, art. IL | 
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that all the changes is earth me undergone 
have been hint ve by the tail of a comet. | 

For another hypothefis we are indebted to a 
heterodox divine *, whofe brain was fo fully i im- 
 pregnated with Défi ce] illufions, that he ima- 
gined he had feen the univerfe created. After 
telling us the ftate of the earth when it firft 
_ fprung from nothing, what FAESS have been 

introduced by the deluge, what the earth has been, 
and what it now is, he aflumes the noue 
ftyle, and prediéts what will be its condition af- 
ter the deflruction of the human kind. 

A third writer f, aman of more extenfive 
obfervation than the two former, but equally 
crude and. confufed in his ideas, -explains the 
principal appearances of the globe by the aid of 
an immenfe abyfs in the bowels of the earth, 
which, in his eftimation, is nothing but a ire 
cruft inclofing this vaft ocean of fluid matter. ; 

Thefe ttes are all conftructed on tot- 
tering foundations.. ‘The ideas they contain are 
-indiftin@, the facts are confounded, and the 
whole is a motely jumble of phyfics and fable. 
They, accordingly, have never been adopted but 
by men who embrace opinions without exami- 
_mation, and who, incapable. of diftinguifhing the 
degrees of probability, are more deeply impref- 
{ed with marvellous chimeras than with the ge 
nuine force of truth. 
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* Burnet. See Brooks art. III. 
+ Woodward. See proofs, art. IV.. 
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My ideas on this fubje&t will be lefs extraor= 
dinary, and may even appear unimportant, when 
compared with the grand fyftems of fuch hypo- 
thetical writers. But it fhould not be forgotten, © 
that it is the bufinefs of an hiftorian to deferibe, . 
not to invent; that no gratuitous fuppolitions 
are to be aldenlbieds in fubjects which depend up- 
on faët and obfervation ; and that, in hiftorical 
compofitions, the imagination cannot be employ- 
ed, except for the purpofe of combining obferva- 


‘tions, of rendering faéts more general, and of 


forming a connected whole, which prefents to 
the mind clear ideas, and probable conjeétures : 
I fay, probable ; for it is impofhble to give de- 
monftrative evidence on this fubjeét. Demon- 
firation is confined to the mathematical fciences. 
Our knowledge in phylcs and natural hiftory 
depends éhgirely on-experience, and. is limited to 
the method of reafoning by induétion. | 

With regard to the hiftory of the earth, there- 
fore, we fhall begin with fuch faéts as have been 
aida acknowledged in all ages, not omit- 
ting thofe additional truths which have fallen 
within our own obfervation. 

The furface of this immenfe globe AAA to 
our obfervation heights, Fois plains, feas, 
marfhes, rivers, caverns, gulfs, volcano’s ; and, 
on a curfory view, we can difcover, in the de 
pofition of thefe obje@s, neither order nor re- 
gularity. If we penetrate into the bowels of the | 
earth, we find metals, minerals, ftones, bitumens, 

L fands, 
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fands, earths, waters, and matter of every kind, 
feemingly placed by mere accident, and without 
any apparent defign. Upon a nearer and more 
attentive infpection, we difcover funk moun- 
tains *, caverns filled up, fhattered rocks, whole 
countries fwallowed up, new iflands emerged 
from the ocean, heavy fubftances placed above 
light ones, hard bodies inclofed within foft bo- 
dies ; in a word, we find matter in every form, 
dry and humid, warm and cold, folid and brittle, 
_ blended in a chaos of confufion, which can be 
} compared to nothing but a heap of rubbish, or 
the ruins of a world. 4 
Thefe ruins, however, we inhabit with per- 
fe& fecurity. The different generations of men, 
of animals, and of plants, acca one another 
without interruption: The produétions of the 
earth are fuflicient for their fuftenance ; the mo- 
tions of the fea, and the currents of the air, are 
regulated by fixed laws +; the returns of the fea- 
fons are uniform, and the rigours of winter in- 
. variably give place to the verdure of the fpring. 
With regard to us, every thing has the appear- 
ance of order: The earth, formerly a chaos, is 
now a tranquil, an harmonious, a delightful Lis 
_ bitation, where all is animated and governed by 
fuch amazing difplays of power and intelligence, 


A 3 ‘ as 


* See Senec. Quaeft. lib. 6. cap. 21. Strab. Geog. lib. 1. 
Orofius,: lib. 2. cap. 18. : Phin, lib. 2. cap. 19. Hi, de Vacad. 
des fcienceé, année 1708, p. 23. i) 


+ See the proofs, art. XIV. 
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as fil! us with admiration, and elevate our minds 
to the contemplation of the great Creator. 

But let us not decide Atectonantls concern 
ing the irregularities on the furface of the earth, 
and the apparent diforder in its bowels: We fhall 
foon perceive the utility, and even the necefity 
of this arrangement. With a little attention, 
we fhall perhaps difcover an order of which we 
had no conception, and general relations that 
cannot be apprehended by a flight examination. 
Our knowledge, indeed, with regard to this fub- 
je&, muft always be limited. We are entirely 
unacquainted with many parts of the furface of- 
this globe*, and have partial ideas anly con- 
cerning the bte of the ocean, which, in ma- 
ny sib cbt has never been Sind We can 
only penetrate the rind of the earth. The 
greateft caverns}, the deepeft mines f, defcend 
not above the eight thoufandth part of its dia- 
 meter. Our judgment is therefore confined to 
the upper ftratum, or mere fuperficial part: «We. 
know, indeed, that, bulk for bulk, the earth is 
four times heavier than the fun: We likewife 
know the proportion its weight bears to that of | 
the other planets. But ftill this eftimation is 
only relative. We have no ftandard. Of the” 
real weight of the materials we are fo ignorant, : 
thar the internal a of the globe may He either | 


a 


* See proofs, art. VI. + Phil. tranf. abridged, vol. ji. 
P- 323. Ke Boyle’ s works, voli ii. De 242, x 
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a void fpace, or it may be compofed de matter » 
a thoufand times heavier than gold. Neither is 
there any method of making farther difcoveries 
on ‘this fubject. It is even with difficulty: that 
rational conjectures can be formed *. 

We muft therefore confine ourfelves to an ac-. 

curate examination and defcription of the furface 

of the earth, and of fuch inconfiderable depths 
as we have been able to penetrate... The firft 
objet which attracts attention, is that immenfe 
collection of waters with which the. greatelt 
part of the globe is covered. Thefe waters oc- 
cupy the lover grounds; their furface is always 
level ; and, notwithf{tanding their uniform ten- 
Patt to equilibrium and reft, they are kept in 
perpetual agitation by a powerful agent f, which 
counteracts their natural tranquillity, which com- 
municates to them a regular periodic motion, al- 
ternately elevating and deprefling their waves, 
‘and which produces a concuflion or vibration 
in the whole mafs, even to the molt profound 
depths. This motion of the waters is coeval with 
time, and will endure as long as the fun and 
‘moon, by which it is nue | 

In examining the bottom of the fea, we per- 
ceive it to be equally irregular as the furface of 
the dry land}. :We difcover hills and valleys, 
plains and eal rocks and earths of every 


kind : 


* See proofs, art. I. + Preofs, art. XII. 
+ Proofs, art. XIII. | 
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kind *: We difcover, likewife, that iflands are 
| nothing but the fummits of vaft mountains, 
whofe foundations are buried in the ocean Ÿ ; 
we find other mountains whofe tops are nearly 
on a level with the furface of the water; and 
rapid ‘currents which run contrary to the gene- 
ral movement f. Thefe currents fometimes run 
in the fame direction ; at other times their mo- 
tion is retrograde || ; but they never exceed their 
natural limits, which feem to be as. immutable 
as thofe which bound the efforts of land- -rivers, 
On one hand, we meet with tempeftuous re- 
gions, where the winds blow with irrefiftible fury, 
where the heavens and the ocean, s equally convul- 
fed, are mixed and confounded in the general 
hock: violent inteftine motions tumultuous fwel- 
Hines, water-fpouts **, and Étant agitations, 
_ produced by volcano’s, whofe mouths, though 
many fathoms below the furface, vomit forth 
torrents of fire, and pufh, even to the clouds, 
a thick yapour, compofed. of water, fulphur, 
and bitumen ; and dreadful gulphs or whirl- 
pools Tf, dhich feem to attra veflels for no 
other purpofe than to: fwallow them up. On 
the other hand, we difcover vait regions of an 

pppoite nature, always fnooth and calm, but 


equally 


*. See M. Buache’s chart of the depths of the ocean be- 
tween Africa and America. + Varenii Geog. gen. p. 218 

k Proofs, art. XAIT. NY /aren. p. 140. a Voyages de 
Firard, p.137: § Shaw’s travels, * Proofs, art. 
#VL | jt The Maleftroom in the Norwegtan fea. 
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equally dangerous to the mariner™. Here the 


winds never exert their force; the nautical art 
8 of no utility; the becalmed voyagers muft 
remain immoveably fixed, till death relieve them 
from mifery. ‘To conclude, directing our eyes 
toward the fouthern or northern extremities of 
the globe, we difcover huge mafles of ice T, 
which, detaching themfelves from the polar re- 
gions, advance, like floating mountains, to the 
more temperate climates, where they diflolve 
and vanifh from our view f. 

 Beñde thefe grand objects, the ocean prefents 
us with myriads of animated beings, almoft in- 
finite in variety : Some, clothed in light fcales, 
fwim with amazing {wiftnefs ; others, loaded 
with thick fhells, trail heavily along, leaving 
their traces in the fand: To others nature has 
given fins refembling wings, with which they 
fupport themfelves in the: air, and fly before 
_ their enemies to confiderable diftances.  Laftly, 
the fea gives birth to other animals,’ which, to- 
tally deprived of motion, live and die immoveably 
fixed to the fame rocks : All, however, find a- 
bundance of food in this fluid element. The 
bottom of the ocean, and the fhelving fides of 


— 


rocks, produce plentiful crops of plants of many © 


_ different fpecies; its foil is compofed of fand, 
gravel, rocks, and fhells ;. in fome places, it is a fine | 


clay, in others, a béimpaa earth ; and, in gene- 
| | ral, 


* The calms and tornados in the Æthiopian fea. | 
} Proofs, art. VI.and X,  . t See Buache’s chart, 1739. 
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tal, the bottom of the fea-has an exact refem-. 
blance to the dry land which we inhabit. 

Let us next take a view of the land: What. 
prodigious differences take place in different 
climates ! What a variety of foils! What inequa= 
htiés in the furface! But, upon a more attentive. 
obiervation, we fhall perceive, that the great. 
chains of mountains lie nearer the equator than 
the poles*; that, in the Old Continent, their 
direction is more from eaft to weft than from 
fouth to north; and that, on the contrary, in 
the New Continent, they extend more from north 
_ to fouth than from caft to weft. But, what is 
fill more remarkable, the, figure and direétion 
of thefe mountains, which have a moft irregular. 
appearance Ÿ, correfpond fo wonder fully, that the 
prominent angles of one mountain are conftant- 
ly oppolite to the concave Ÿ angles of the neigh- 
bouring mountain |, and of equal dimenfons, 
whether they be feparated by an extenfive plain, 
or a {mall valley, I have further remarked, that 
oppofite hills are always nearly of the so 
height ; and that mountains generally occupy 
the middle of continents, iflands, and promon- 
tories, dividing them by their greateft lengths $ 
I have likewife traced the courfes of the princi- 
pal rivérs, and find that their diredion is near- 
ly perpendicular to the fea-coafts inta which 
they. ORY, themielves ; and that, during the 


greatelt | 
* Proofs, art. IX. + Ibideart. IX. KI. =f Saliant . 
arid re-entering angles; Muller’s fortification? l Lettres 


Phil. de Bourguet, p, 181. § Varen. Geog. p. 69. 
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greateft part of their courfes, they Pe the 
direction of the mountains from which they de- 
rive their origin *. The fea-coafts are general- 
ly bordered with rocks of marble and other hard 
flones, or rather with earth and fand accumu- _ 
lated by the waters of the fea, or brought down 
and depofited by rivers. In oppofitecoafts, fepa- 
rated only by fmall arms of the fea, the different 
{trata or beds of earth are of the fame materials 7. 
‘IT find that volcano’s never exift but in high 
mountains [3 that a great number of them 
are entirely extinguifhed; that fome are connec- 
ted with others by fubterranean paflages, and their 
eruptions not unfrequently happen at the fame 
time ||. There are fimilar communications be- 
tween certain lakes and feas. Some rivers fud- 

denly difappear , and feem to precipitate them 
_ felves into the bowels of the earth. We likewife 
find certain mediterranean or inland feas, which 
conftantly receive, from many and great rivers, 
prodigious quantities of water, without any aug- 
mentation of their bounds, probably difcharging, 
by fubterraneous paflages, all thefe extraneous 
fupplies. It is likewife eafy to diftinguifh lands 
which have been long inhabited, from thoie new 
countries where the earth appears in a rude ftate, 
where the rivers are full ofcataraéts, where the 
land is either nearly overflowed with water, or 
burnt up with cs and where every place 


_ capable 
_ * Proofs, art. X. + Ibid. art. VII. + Ibid. art. 
XVI. {| Kircher Mund. fubter, in praef. $ Varen, 


Geog. pe 43. 
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- capable of producing trees is totally covered with 
wood. | ce | at 
Proceeding in our examination, we difcover 
that the upper firatum of the earth is univerfal- 
ly the fame fubftance * ; that this fubftance, 
from which all animals and vegetables derive 
their growth and nourifhment, is nothing but 
a compofition of the decayed: parts of animal 
and vegetable bodies, reduced into fuch {mall 
particles that their former organic ftate is not 
_difinguifhable. Penetrating a little deeper, we 
find the real earth, beds of fand, lime-ftone, clay, 
fhells, marble, gravel, chalk, &c. Thefe beds 
are always parallel to each other t, and of the 

fame thicknefs through their whole extent. In 
neighbouring hills, beds or ftrata of the fame 
materials are uniformly found at the fame le- 
vels, though the hills be feparated by deep and 
large valleys. Strata of every kind, even of the 
moft folid rocks, are uniformly divided by per- 
pendicular hilures +: Shells, fkeletons of bfhes, 
marine plants, &c. are often found in the bowels 
of the earth, and on the tops of mountains leven 
at the greateft diftances from the fea, Thefe 
thells, fifhes, and plants, are exadily fimilar to 
thofe which exift in the ocean. Petrified fhells 
are to be met with, almoft every where, in 
prodigious quantities: | They are not only in: 
sleféd in rocks of marble and lime-ftone, as 
MG RGED, à > well 
# Proofs, art. VIE 25 + ibid. and Woodward, p. 4. 
cess ÿ ‘oh Prooks, art. VIEL «504 Proofs, art. VITE 
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well as in earths and clays, but are aétually in- 
corporated and filled with the very fubftances 
in which they are inclofed, In fine, I am con- 
vinced, by repeated obfervation, that marbles, 
lime-ftones, chalks, marles, clays, fand, and ai 
moft all terreftrial fubftances, cree fitua- 
ted, are full of fhells and other {poils of the 
ocean *. 
Having enumerated thefe facts, let us try 
what conclufons can be drawn from them. 
The changes which the earth has undergone, 
during the laft two or three thonfand years, 
are inconfiderable, when compared with the 
great revolutions which muft have happened 
in thofe ages that immediately fucceeded the 
creation, For, as terreftrial fubftances could on- 
ly acquire. folidity by, the continued action 
of gravity, itis eafy to demonitrate, that the 
furface of the earth was at firft much fofter than 
it isnow; and; confequently, that the fame 
caufes, which at prefent produce but flight and 
almoft imperceptible alterations SA courfe 
of many centuries, were then capable of produ- 
cing very great revolutions in a few years. It 
appears, indeed, to be an incontrovertible fact, 
that the dry land which we now inhabit, and 
even the fummits of the higheft mountains, 
were formerly covered. with the waters of the 
fea; for fhells, and other marine bodies, are 


till 


* Biot. Woodward, Ray,. Bourguet;. aa Phil. 
Tranf. Mem. de PAcad. &c. : \ 
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Ai] found upon the very tops of mountains. It 
likewife appears, that the waters of the fea have 
remained for a long track of years upon the fur 
face of the earth; becaufe, in many places, fuch 
immenfe banks of fhells have been difcovered, 
that it is impoffible fo great a multitude of ani- 
mals could exift at the fame time. This circum- 
{tance feems likewife to prove, that, although 
. the materials on the furface of the earth were 
then foft, and, of courfe, eafily difunited, 
moved, and tranfported, by the waters; yet 
thefe tranfportations could not be fuddenly ef- 
fected. They muft have been gradual and fuc- 
ceflive, as fea-bodies are fometimes found 
more than 1000 feet below the furface. Such 
a thicknefs of earth or of ftone could not be ac= 
cumulated in a fhort period. Although it fhould 
be fuppofed, that, at the deluge, all the fhells 
were tranfported from the bottom of the ocean, 
and depofited upon the dry land; yet, befide the 
difficulty of eftablifhing this fuppofition, it is 
clear, that, as fhells are found incorporated in 
marble and in the rocks of the higheft moun- 
tains, we muft likewife fuppofe, that all thefe 
‘marbles and rocks were formed at the fame. 
time, and at the very inftant when the deluge | 
took place; and that, before this grand revolu- 
tion, there were neither mountains, nor marbles, 
nor rocks, nor clays, nor matter of any kind, fi- 
milar to what we are now acquainted with, ~ 
as they all, with few exceptions, contain fhells, ' 
and 
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and other productions of the ocean. Befides, at 
the time of the univerfal deluge, the earth muft 
have acquired a confiderable degree of folidity, 
by the action of gravity for more than fixteen 
centuries. During the fhort time the deluge 
lafted, therefore, it is impoffible that the waters 
_fhould have overturned and diffolved the whole 
furface of the earth, to the greateft depths that 
mankind have hae} able to penetrate. : 
But, not. toinfift longer on this point, 
which fhall afterwards be more fully: canvaffed, 
I fhall confine myfelf to known and eftablifhed 
facts. It is certain, that the waters of the fea 
have, at fome period or other, remained for a 
fucceffion of ages upon what we now know to 
be dry land; and, confequently, that the-vaft 
continents of Afia, Europe, Africa, and Ameti- 
ca, were then the bottom of an immenfe ocean, 
replete with every thing which the prefent ocean 
produces. It is likewife certain, that the diffe- 
rent ftrata of the earth are horizontal, and pa- 
rallel to each other*. This parallel fituation 
_ muft, therefore, be owing to the operation of 
the waters, which have gradually accumulated 
the different materials, and given them the fame 
pofition that water itfelf invariably aflumes. 
The horizontal pofition of ftrata is atmoft uni- 
verfal: In plains, the ftrata are exactly horizon- 
tal. Jt is only in the mountains that they are 
inclined to the horizon; becaufe they have ori- 
F _ginally 
* Proofs, art, VIL. | 
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ginally been formed by fediments depofited up- 
on an inclined bafe. Now, I maintain, that thefe 
firata muft have-been gradually formed, and 
that they are not the effect of any fudden revo- 
lution; becaufe nothing is more frequent than 
{trata compofed of heavy materials placed above 
light ones, which never could have happened, 
if, according to fome authors, the whole had 
been blended and diflolved by the deluge, and 
- afterwards precipitated. On this fuppofition, e- 
very thing fhould have had a different afpect 
from what now appears. The heavieft bodies 
fhould have defcended firft, and every ftratum 
fhould ‘have had a fituation correfponding to. 
its {pecific gravity. In this cafe, we thould not 
have feen folid rocks or’ metals placed above | 
light fand, nor clay under coal. ee, | 
Another circumftance demands our attention: 
No caufe but the motion and fediments of 
water could pofibly produce the regular po- 
fition of the various ftrata of which the fuperfi- 
cial part of this earth is compofed. The higheft 
mountains confift of parallel flrata, as well as 
the loweft valleys. Of courfe, the formation of 
mountains cannot be imputed to the fhocks of 
earthquakes, or to the eruptions of volcano’s, 
Such {mall eminences as have been raifed by 
_ volcano’s-or convulfions of the earth, inftead of 
being compofed of parallel ftrata, are mere maf- 
fes of weighty materials, blended together in the 
é utmoft 
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utmoft confufion*, But this parallel and hori- 
zontal pofition of ftrata muft neceflarily be thé 
operation of a uniform and conftant caufe, 

We are, therefore, authorifed to conclude, 
from repeated and incontrovertible fats and ob: 
fervations, that the dry and habitable part of thé 
earth has for a long time remained under thé 
waters of the fea, and muft have undergone the 
. fame changes which are at prefent going on 
at the bottom of the ocean. To difcover what 
has formerly happened to the dry land, let us 
examine what pañles in the bottom of the fea; 
and we fhall foon be enabled to make fome raz 
tional conclufions with regard to the external fis 
gure, and internal conflitution of the earth. 

The ocean, from the creation of the folar {y= 
fiem, has been conftantly fubjeét to a regular 
flux and reflux. Thefe motions, which happen 
twice in twenty-four hours, are principally oc- 
cafioned by the action of the moon, and are 
greater in the equatorial regions than in other cli- 
mates. ‘The earth likewife performs a rapid mo: 
tion round its axis, and, confequently, hasa centri« 
fugal force, which is alfo greateft at the equator. 
This laft ile ances independent of actual 
obfervations, proves, that the earth is not a per- 
fe& fphere, but that it muft be more elevated 
under the equator than at the poles. From thefe 
two combined -caufes, the tides, and the motion 

Mop adie, B ta! of 

* Proofs, art. XVII. 
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of the earth, it may be fairly concluded, that, al- 
though this globe had been originally a perfect 
oie its heat motion, and the ebbing and 
flowing of the tides, muft neceflarily, in a fuc- 
ceffion of time, have elevated the equatoriak. 
parts, by gradually carrying mud, earth, fand, 
fhells, &c. from other climates, and depofiting 
them at the equator *. On this fuppofition, the 
greateft inequalities ‘on the furface of the earth - 
ought to be, and, in fa@, are found, in the 
neighibourhoôd of the equator. Befides, as the 

alternate motion of the tides has been con- 
fant and regular fince the exiftence of the 
world, is it not evident, that, at each tide, the 
water carries from one place to another a fmail 
quantity of matter, which falls to the bottom. 
as a fediment, and forms thofe. horizontal and — 
parallel ftrata. that every where appear? _ The - 
motion of the waters, in the flux and reflux, 
being always horizontal, the matter tranfported 

by them muft neceflarily take the fame parallel 
 diredion after it 1s depofited. 

To this reafoning, it may be obje&ted, that, as 
the flux is equal to and regularly fucceeded by 
the reflux, the two motions att balance each o- 
ther; or, that the matter brought by the flux will 
be carried back by the reflux; and, confequently, 
that this caufe of the formation of ftrata mutt 
be chimerical, as the bottom of the ocean can 
never be affected by a uniform alternate motion : 

= of 
* Proofs, art. XII. | 
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of the waters; far lefs could this motion change 
its original ftru@ure, by creating heights, and 
other inequalities. 

But, in the firft place, the alternate motion hé 
the waters is by no means equal; for-the fea 
has a continual motion from eaft to weft: Be- 
fides, the agitations occafioned by the winds see 
duce great inequalities in the tides. It will like 
wife be acknowledged, that, by every motion 
in the fea, particles of earth, and other mate- 
rials, muft be carried from one place, and de- 
pofited in another; and that thefe colleétions 
of matter muft aflume the form of parallel and 
horizontal ftrata. Farther, a well known fat 
will entirely obviate this objection. On all 
coafts, where the ebbing and flowing are dif- 
deenibler* , numberlefs materials are brought in 
by the flux, which are not carried back by the 
“reflux. The fea gradually increafes on fome 
places, and recedes from others, narrowing its 
limits, by depofiting earth, fand, fhelis, &c, 
which naturally take a pt it potion 
Thefe materials, when accumulated and eleva- 
ted to a certain. degree, gradually fhut out the 
water, and remain for ever in the form of dry 
dJand. ) +, 
But, to remove every doubt concerning this. 
‘important point, let us examine more clofely 
the pradticability of a mountain’s being formed 
at the bottom of the fea, by the motion and fe- 
PARA ed ey : diments 
* Proofs, art. XIX. | 
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diments of the water. On a high coaft which 
the fea wafhes with violence during the flow, 
fome part of the earth muft be carried of by 
every ftroke of the waves. Even where the fea is 
bounded by rock, it is a known fact, that the 
{tone is gradually wafted by the water *; and, 
. confequently, that fmall particles are carried off 
by the retreat of every wave. ‘Thofe particles 
of earth or ftone are neceflarily tranfported to 
fome diftance. Whenever the agitation of the 
water is abated, the particles are precipitated in 
the form of a fediment, and lay the foundation 
of a firft ftratum, which is either horizontal, or 
inclined, according to the fituation of the fur- 
face upon which they fall. This ftratum will 
Joon, be fucceeded by a fimilar one, produced 
by the fame caufe; and thus a confiderable 
quantity of matter will be gradually amaffed, 
and difpofed in parallel beds. In procefs of 
time, this gradually accumulating mafs will be- 
come a mountain in the bottom of the fea, ex~ 
actly refembling, both in external and internal 
ftruture, thofe mountains which we fee 6n the 
dry land. If there happened to be fhells in | 
that part of the bottom of the fea where we © 
have fuppofed the fediments to be depofited, 
they would be covered, filled, and incorporated 
with the depolited matter, and form a part of 
the general mafs. Thefe thells would be lodged 
in different parts of the mountains, correfpon= _ 

| ding © 


* See Shaw’s travels. 


THEORY OF THE EARTH. 2 


ding to the times they were depofited. Thole. 
which lay at the bottom, before the firft ftratum 
was formed, would occupy the loweft ftation; 
and thofe which were afterwards depofited, 
would be found in the more elevated parts. 

In the fame manner, when the bottom of the 
fea, at particular places, is troubled by the agi- 
tation of the waters, earth, clay, fhells, and other 
matter, muft neceflarily be removed from thefe 
parts, and depofited elfewhere. For we are af- 
fured by divers, that the bottom of the fea, 
at the greateft depths to which they defcend *, 
is fo ftrongly affected by the agitation of the 
water, that earth, clay, and fhells, are removed 
to great diftances. Tranfportations of this kind 
muit, therefore, be conftantly going on in every 
part of the ocean ; and the matters tranfported, 
after fubfiding, muft uniformly raife eminences 
fimilar, in every refpe@, to the compofition and 
ftru@ure of our mountains. Thus the motions | 
produced by the flux and reflux, by winds and 
currents, muft uniformly create inequalities in 
the bottom of the ocean. | 

Farther, we muft not imagine that thefe 
matters cannot be carried to great diftances, 
fince we daily find grain, and other productions 
of the Eaft and Weft Indies, arriving on our 
coafts T. Thefe bodies are, indeed, {pecifically 
lighter than water; and the other fubftances 

| Be are 


* Boyle’s works, vol. 3. p. 232. + Particularly on the 
coalts of Scotland and of Ireland 3 See Ray’s Difcourfes, 
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are fpecifically heavier. © Still, however, as they 
_are reduced to an impalpable powder, they may : 
be kept long fufpended in the water, and, of - 
ch tented to any diftance. 

It has been conceived, that the agitation pro- 
duced by the winds and tides is only fuperficial, . 
and affects not the bottom, efpecially when it Is 
very deep. But it ought to be remembered, 
that, whatever be the dane the whole mafs 
is put in motion by the tides at the fame time ; 
and that, in a fluid globe, this motion would be 
communicated even to the centre. The power 
which occafions the flux and reflux is penetra- 
ting; it a@s equally upon every particle of the 
mafs. Hence the quantity of its force, at diffe- 
rent depths, m may be determined by calculation, 
Indeed, this point, is fo certain, that -it admits 
not of difpute. | 

We cannot, therefore, hefitate in pronouncing, 
that the tides, the winds, and every other caufe 
of motion in the fea, muft produce heights and 
inequalities in its bottom ; and that thefe emi- 
nences muft uniformly be compofed of regular 
ftrata, either horizontal or inclined. Thefe 
heights will gradually augment; like the waves 
which formed them, they will mutually refpeét 
each other ; ; and, if the extent of the bafe be 
great, in a track a years, they will form a vaft 
chain of mountains. Whenever eminences are 
formed, they interrupt the uniform motion of 
the waters, and produce new motions, known 


| HA by 
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“by the name of currents, Between two neigh- 
bouring heights in;the bottom of. the. ocean, 
there muft. be a current *, which will follow 
their common direétion, and, like a river, cut a 
channel, the angles of which will be alternately 
oppofite through the whole extent of its.courfe. 
“Thefe heights muft continually increafe; for, 
during the flow, the water will depofite its or- 
dinary fediment upon their ridges, and the wa- 
ters which are impelled by the current will force 
along, from great diftances, quantities of matter, 
“which will fubfide between the hills, and, at the 
fame time, {coop out a valley with correfponding 
angles at their foundation. Now, by means of 
thefe different motions and fediments, the bot- 
tom of the ocean, though formerly fmooth, 
muft foon be furrowed, and interfperfed with 
hills and chains of mountains, as we actually 
find it at prefent. The foft materials of which 
the eminences were originally compofed, would 
gradually harden by their own gravity. Such 
ofi them as confifted of fandy and cryftalline 
particles, would produce thofe enormous mañles | 
of rock and flint in which we find cryftals and 
other precious ftones. Others compofed of fto- 
ny particles mixed with fhells, give rife to thofe 
beds of lime-ftone and. marble, in which vaft 
"quantities of fea thells are ftill found incorpora- 
ted... Laftly, all our beds of marble and chalk haye 
derived their origin from particles of fhells mix- 
sda ¥ ed 
* Proofs, art. XIII. 
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ed with a pure earth, colleéted and depofited at 
particular places in the bottom of the fea. All 
thefe fubftances are difpofed in regular ftrata ; 
they all contain heterogeneous matter, and vaft 
quantities of fea-bodies fituated nearly in pro- 
portion to their f{pecific gravities. The lighter. 
thells are found in chalk; the heavier in clay 
and lime-ftone, ‘Thefe fhells are uniformly fill- 
ed with the matter in which they are found, 
whether it be ftone or earth. This is an incon- 
teftible proof, that they have been tranfported 
along with the matter that fills and furrounds 
them, and that this matter was then in the form 
of an impalpable powder. In a word, all thofe 
fubftances, the horizontal fituation of which has 
arifen fre the waters of the fea, invariably me 
ferve their original pofition. 

It may here be objected, that moft hills, the 
fummits of which confift of folid rocks; or of 
marble, are founded upon fmall eminences, 
compofed of Iefs heavy materials, fuch as clay 
or light fand, the ftrata of which commonly 
extend over thie neighbouring plains. . If the a- 
. bove theory be juft, what could bring about an 
arrangment fo fingular, fo contrary to the laws 
of gravity? But this phaenomenon admits 
of a natural and eafy explication, The wa 
ters would operate firft upon the upper fira- 
tum either of coafts or the bottom of the fea: 
This upper firatum confifts generally of clay or 
fand ; and thefe light fubftances, being carried 
| of 
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offand depofited previous to the more denfe and 
folid, they would of courfe form {mall eminen- 
ces, and become foundations for the more hea- 
vy particles to reft upon. After the light fuper- 
ficial fubftances were removed, the harder and 
more ponderous would next be fubjected to the 
attrition of the water, reduced to a fine powder, . 
and carried off and depofited above the hillocks 
of fand or clay. Thefe fmall. ftony particles 
would, in a fucceflion’ of ages, form thofe folid 
rocks which we now find on the tops of hills 
and mountains. As particles of ftone are heavier 
than fand or clay, it is probable that they were 
originally covered and prefled by fuperior ftra- 
ta of confiderable depth; but that they now oc- 
cupy the higheft flations, becaufe they were laft 
tranfported Fa the waves, 

To confirm this reafoning, let us other 
more minutely the fituation of thofe materials 
which compote the fuperficial part of the globe, 
the only part of which we have any adequate 
knowledge. The different ftrata of ftones in 
quarries are almoft all horizontal, or regularly in- — 
clined. ‘Thofe founded upon hard clay, or o- 
ther folid matter, are evidently horizontal, e- 
{pecially in plains. The difpofition of quarries, 
where flint or brownifh free-ftone are found in 
detached portions, is indeed lefs regular. But 
even here the uniformity of nature is not inter- 
rupted ; for the horizontal or regularly inclining 
pofition of the ftrata is apparent in granite and 

brown 
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brown free-ftone, wherever they exift in large 
connected: mafles. This pofition is univerfal, 
except in ‘flint and brown free-ftone in {mall 
_ detached portions, fubftances the formation of 
‘which we fhall demonftrate to have been pofte- 
rior to thofe juft now mentioned. The ftrata of 
granite, vitrifiable fand, clays, marbles, calcare- 
ous ftones, chalk, and marls, aré always pa- 
rallel or equally RH In-thefe the original 
formation is eafily difcoverable; for the ftrata 
are exactly horizontal, and very thin, being 
placed above each other like the leaves ofa book. 
Beds of fand, of foftiand hard clay, of chalk, 
and of Hells, are likewife either horizontal a 
uniformly inclined. Strata of every kind pre- 
fervethe fame thicknefs through their whole ex- | 
tent, which is often many leagues, and might, by 
proper obfervations, be traced fill farther,’ In 
‘a word, the difpofition of ftrata, as deep as man- 
kind have hitherto penetrated, is the fame. 
‘Thofe ‘beds of fand and gravel which are 
wafhed down from mountains, muft, in fome — 
meafure, be excepted from the general rule. | 
They are fometimes of a, confiderable extent in 
valleys, and are fituated immediately under the 
foil or firft ftratum. In plains, they are level, 
like the more antient and interior ftrata, But 
near the bottom, or upon the ridges of ‘hills, 
_. they have an ‘inclination correfponding to that — 
of the ground upon which they have been de- 
aaa As thefe beds of fand and gravel are 
formed 
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formed by rivers and brooks, which, efpecially in. 
the valleys, often change their channels, it is not 
furprifing that fuch beds fhould be fo frequent, » 
A finall rivulet is fufficient, in a courfe of time, 
to fpread a bed of fand or gravel over a very 
large valley. In à champaign country, furround- 
ed with hills, whofe bafes, as well as the upper 
ftratum of the plain, confifted of a hard clay, I 
have often obferved, that, above the origin of 
the brooks or rivers, the clay was fituated imme- 
diately under the vegetable ftratum ; but, in the 
low grounds, there was a ftratum of fand, about 
a foot thick, above the clay; and extending to a 
great diftance from the banks of the rivers.’ The 


ftrata formed by rivers are not very antient; they 


are eafily diftinguifhed by their frequent inter- 
ruptions, and the inequality of their thicknefs. 
But the antient {trata uniformly’ preferve the 
fame dimenfions through their whole extent. 
Befides, thefe modern {trata may be diftinguifh- 
ed, with certainty, by the form of the ftones and 
eravel they contain, which bear evident marks 
of having been rolled, {moothed, and rounded, 
by the motion of water. The fame obfervation 
may be made with regard to thofe beds of turf, 
and corrupted vegetables, which are found in 
marfhy grounds, immediately below the foil: - 
They have no claim to antiquity, but have de- 
rived their exiftence from fucceflive accumula- 
tions of decayed trees, and other plants, The 
 ftrata of flime, or mud, which occur in many 

: places, 
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places, are alfo recent produGions, formed by 
fiagnating waters, or the inundations of rivers. 
They are not fo exaétly horizontal, nor fo uni- 
formly inclined, as the more antient ftrata, pro- 
duced by the regular motions of the fea. In 
{trata formed by rivers, we meet with river, 
but feldom with fea-fhells ; and the few which 
occur are broken, detached, and placed without 
order. But, in the antient ftrata, there are no 
river-fhells ; the fea-fhells are numerous, well. 
preferved, and all placed in the fame manner, 
having been tranfported and depofited at the 
fame time, and by the fame caufe. From 
whence could this beautiful regularity proceed ? 
Inftead of regular ftrata, why do we not find 
the matters compofing the earth huddled to- 
gether without order? Why: are: not rocks, 
marbles, clays, marls, &c. fcattered promifcu= 
oufly, or joined by irregular or vertical ftrata ? 
Why are not heavy bodies uniformly found in 
a lower fituation than light ones? It is eafy to 
perceive, that this uniformity of nature, this 
fpecies of organization, this union of different 
materials by parallel ftrata, without regard to 
their weights, could only proceed from a caufe 
equally powerful and uniform as the motions 
of the fea, produced by regular winds, by the 

tides, &c. | | 
hele caufes at with fuperior force under 
the equator than in other climates ; for there 
the tides are higher, and the: winds more uni- | 
pe 3 form, 
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form. The moft extenfive chains of mountains 
are likewife in the neighbourhood of the equa- 
tor. The mountains of Africa and Peru are 
the higheft in the world, often extending 
ous whole continents, and ftretching to 
great diflances under the waters of the ocean, 
The mountains of Europe and Afia, which ex= 
tend from Spain to China, are not fo elevated 
as thofe of Africa and South America. Accor- 
ding to the relations of voyagers, the mountains 
_of the north are but {mall hills, when compared 
‘with the mountains of the equatorial regions, 
Befides, in the northern feas, there are few 
iflands; but, in the Torrid Lune they are in- 
numerable. Now, as iflands are only the fum- 
mits of mountains, it is apparent, that there are 
more inequalities on the furface of the earth 

near the equator, than in northerly climates. 
Thofe prodigious chains of mountains which 
run from weit to eaft in the Old Continent, and 
from north to fouth in the New, muft have beer 
formed by the general motion of the tides, But 
the origin of the lefs confiderable mountains 
and hills muft be afcribed to particular mo- 
tions, occafioned by winds, currents, and other 
irregular agitations of the fea: Their formation 
may, indeed, be owing to a combination of all 
thefe motions, which are capable of infinite va- 
riations ; for the winds, and the fituation of 
different iflands and coatts, conttantly change 
the natural courfe of the tides, and oblige them 
to 


< 


790 THEORY OF THE EARTH, 


y 


to run in every poffible direGion. It is not, 


therefore, furprifing to fee confiderable eminen- 


ces which have no determined dire@tion in their 


_courfes. But, for our prefent purpofe, it is fuf- 
- ficient to have fhown, that mountains have not 


been produced by earthquakes, or other acci- 
dental caufes, but that they are effects equally 
refulting from the general laws of nature, as 
well as their peculiar ftru@ture, and the fituation _ 
of the materials of which they are compofed. 
But how has it happened, that this earth, 


_ which we and our anceftors have inhabited for 


ages, which, from time immemorial, has been 
an immenfe continent, dry, compa@, and re- 
moved from the. reach of the water, fhould, if 
formerly the bottom of an ocean, be now ex+ 
alted to fuch a height above the waters, and fo 
completely feparated from them ? Since the wa- 
ters remained fo long upon the earth, why have 
they now deferted it? What accident, what 
caufe, could introduce a change fo great? Is it 
pollible to conceive a caufe poflefled of power 

{uflicient to operate fuch an amazing effe@? 
Thefe are difficult queftions. But, as the 
fa&s are incontrovertible, the precife manner 
in which they have happened may remain a fe: 
cret, without prejudice to the conclufions that. 
ought to be drawn from them. A little re- 
fleGion, however, will furnith us at leaft with 
plaufible folutions *, We daily obferve the fea 
| | - gaining 

# See proofs, art. XIX. 
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gaining ground on certain coafts, and lofing it 
-on others... We know, that the ocean has a 
general and uniform motion from eaft to welt ; 
that it makes violent efforts againft the rocks 
and the low. grounds which,-encircle it.; that 
there are whole provinces which human indu- 
ftry can hardly defend from the fury of the 
waves; and that there are inftances of iflands 
which have but lately emerged from the waters, 
and of regular inundations. Hiftory informs 
us of inundations and deluges of a more exten- 
five nature. Should not all thefe circumftances 
convince us, that the furface of the earth. has 
experienced very great revolutions, and that the 
fea may have actually given, up pofleflion of 
the greateft part of a ground which it for- 
merly occupied? For example, let us fuppofe, 
that the Old and New worlds were formerly but 
one continent, and that, by a violent earth- 
. quake, the antient Atalantis of Plato was funk, 

‘What would be the confequence of fuch a 
mighty revolution ? ‘The fea would necefiarily 
rufh in from all quarters, and form what is 
now called the Atlantic Ocean ; and vaft conti- 
nents, perhaps thofe, which we now inhabit, 
would, of courfe, be left dry. This great revo- 
Jution might be effected by the fudden failure 
of fome immenfe cavern in the interior part of 
the globe, and an univerfal deluge would infal- 
libly fucceed. I'fhould mathe incline to think, 
| that 
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that fuch a revolution would not be fuddenly 
accomplifhed, but that it would require a very 
long period. However thefe conjectures ftand, 
it is certain, that fuch a revolution has happened, 
and [even believe that it happened naturally ; 
for, if a judgment of the future is to be formed 
from the paft, we have only to attend carefully 
to what daily pafles before our eyes. It is a faa, 
eftablifhed by the repeated obfervation of voya- 
gers, that the ocean has a conftant motion from 
eaft to welt. This motion, like the trade-winds, 
-is not only perceived between the tropics, but 
through the whole temperate climates, and as 
near the poles as navigators have been able to 
approach. Asa necellary confequence of this 
motion, the Pacific Ocean muft make continual | 
efforts againft the coafts of Tartary, China, and 
India : the Indian Ocean muft a& againft the 
eaft coaft of Africa; and the Atlantic muft a@& 
in a fimilar manner againft all the eaftern coafts - 
of America. Hence the fea muft have gained, — 
and will always continue to gain on the eaft,and 
to lofe on the weft. This circumftance alone 
would be fufficient to prove the poffibility of the — 
change of fea into land, and of land into fea. If 
fuch is the natural effe of the fea’s motion from 
eaft to weft, may it not reafonably be fuppofed, 
that Afia, and all the eaftern continent, is the 
moft antient country in the world ? and that Eu: - 
rope, and part of Africa, efpecially the weft parts 
of thefe continents, as Britain, France, Spain, &c. * 

are 
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are countries of a more recent date? Both hifto- 
ry and phyfics concur in ete this hypo- 
thefis. 

But, befide the conftant motion of the fea 
from eaft té weft, other caufes concur in produs — 
cing the effect juft mentioned. There are many 
_ lands lower than the level of the fea, and are de- 

- fended by a narrow ifthmus of rock only, or by 
banks of ftill weaker materials. The ation of 
the waters muft gradually deftroy thefe barriers 3 
and, confequently, fuch lands muft then become 
part of the ocean. Befides, the mountains aré 
daily diminifhing, part of them being conftantly 
carried down to the valleys by rains. It is like- 
wife well known, that every little brook carries 
earth, and other matters, from the high grounds 
into the rivers, by which they are at laft tranf- 
ported to the ocean. By thefe means, the bot- 
tom of the fea is gradually filling up, the fur- 
face of the earth is approaching to a level, and 
nothing but time is wanting for the fea’s fuccef= — 
fively changing places with the land. 

I fpeak not here of caufes removed beyond 
the fphére of our knowledge, of thofe convul- 
fions of nature, the flighteft effort of which 
would be fatal to the elobe. The neat approach 
of a comet, the abfence of the moon, or the ins 
troduétion of a new planet into the fyftem, &c. 
are fuppoñtions upon which the imagination 
May rove at large, Caufes of this kind will 
produce any effect we choofe, From a fingle hy- 

C pothefis 
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pothefis of this nature, a thoufand phyfical re- 
mances might be compofed, and their authors 
might dignify them with the title of Theory of — 
the Earth. As an hiftorian, I rejeét thefe vain 
fpeculations : Fhey depend upon mère poffibili- 
* ties, which, if called into action, neceflarily im- 
ply fuch-a devaftation in the univerie, that our 
globe, like a fugitive particle of matter, efcapes 
obfervation, andis no longer worthy of our 
attention. But, to give confiftency to our ideas, 
we muft take the earth as it is, examine its dif- 
ferent parts with minutenefs, and, by induction, 
judge of the future, from what at prefent exits. 
We ought not to be affected by caufes which 
feldom aét, and whofe aétion is always fudden 
and violent. Thefe have no place in the-ordi- 
nary courfe of nature, But operations uniform- 
ly repeated, motions which fucceed one another 
without interruption, are the caufes which alone 
ought to be the foundation of our reafoning. 
Some examples fhall be given: We fhall com- 
bine particular effeûs with general caufes, and 
give a detail of fa@ts, which will illuftrate and 
explain the different alterations that the earth 
has undergone, whether by irruptions of the fea _ 
upon the land, er by the fea’s SSSR from 
Jands which it Die covered. 
That irruption. which gave rife to the Medi- | 
terranean * is undoubtedly the greateftf. The 
PRE ; ocean © 


* Proofs, art. XI. and XIX. + Ray’s Difcourfes, 
' p. 209.3 Plot. Hift. Nat. &c. | F 
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ocean runs with. Étédistous rapidity through a 
narrow paflage betwéen two promontories*, and 
then forms a vaft fea, which, exclufive of the 
Black Sea, is about feven times larger than the 

kingdom of France. The motion through the 
Straits of Gibraltar is contrary to the motion in 
every other ftrait. The general motion of the 
- fea is from eaft to weft; but, in the Straits of 
Gibraltar, it is from weft to eaft: An incontef- 

tible oe that the Mediterranean Sea is not an 
ancient gulf, but that it has been formed by an 
irruption, produced by fome accidental caufe, 
fuch as an earthquake fwallowing up the bar- 
rier, or a violent effort of the ocean, occafioned 
by the wind, and forcing its way through the ; 
bank between the two promontories of Gibral- 
tar and Ceuta. This opinion is fupported by the 
teftimony of the ancients +, who inform us, that 
there was a time when the Mediterranean had 
no exiftence. It is likewife confirmed by na- 
tural hiftory, and by obfervations upon the ftra: 
ta on the oppolite coafts of Africa and Spain, 
where, as in neighbouring mountains, the beds 
of earth and ftone are precifely the fame at 
equal. levels, 

When: the ocean forced this paflage, it ran 
through the Straits with much more rapidity 
than at prefent, and inftantly deluged that large 
tract of land which formerly joined Europe to 

Ga Africa. 


* Phil. Tranf. abridged, vol. 2. p. 289. + Diodorus 
Siculus, Strabo. 
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Africa. The waters covered all the grounds 
which were lower than the level of the ocean ; 
and no part of them is now to be feen, except 
the tops of fome of the mountains, fuch as part 
of Italy, Sicily, Malta, Corfica, Sardinia, Cy- 
prus, Rhodes, and the iflands of the Archipe- 
Jago. 7 | 
I have not mentioned the Black Sea as an ef- 
fect of this irruption ; becaufe the quantity of 
water it receives from the Danube, the Nieper, 
the Don, and other rivers, is more than fuffi- 
cient both to form and fupport this.fea. Befdes, - 
it runs with great rapidity through the Bofpho- 
rus into the Mediterranean *. It may even be: 
fuppofed, that the Black and Cafpian Seas were 
only two large lakes, which were perhaps join= 
ed by a narrow communication, or rather by a 
morafs, of {mall lake, uniting the Don and the 
Wolga about Tria, where thefe two rivers run 
very near each other. It is likewife probable, 
that thefe two feas, or lakes, were formerly of 
a much greater extent ; for the large rivers 
which fall into the Black and Cafpian Seas muft 
have gradually brought down a quantity of earth 
and fand fufhcient to ftop up the communication, 
and to form that neck of land by which thefe ‘ 
two feas are divided. We know, that large ri- : 
vers, in a courfe of time, block up feas, and form 
new lands, as in the province at the mouth of 
the Yellow River in China; Louifiana at the 


: mouth 
* Phil Tranf. abridged, vol. 2. p. 289. 7 
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mouth of the Mififippi ; and the northern part 
. of Egypt, which derived its exiftence * from 
the inundations of the Nile +. Such quantities 
of earth are brought down, by the rapidity of 
the Nile, from the interior parts of Africa, and 
depoñted during the inundations, that you may 
dig fifty feet deep before you can reach the bot- 
tom of the flime and mud. Louifiana, and the 
province of the Yellow River, have, in the fame 
manner, been originally rie ER the flime of : 
rivers, 

Farther, the Cafpian Sea is a real lake. It has 
no communication with any other fea, not even 
with the Lake Aral, which appears to have been 
a part of it, being only feparated by a large 
tract of Éd in which neither river nor canal 
for carrying off the waters have been difcovered. 
This fea, therefore, has no external communica- 
tion with any other ; and I doubt much if there 
is any reafon to fufpea a fubterraneous commu- 
nication with the Black Sea, or with the Gulf 
of Perfia. The Cafpian, it is true, receives the 
Wolga, and feveral other rivers, which appear 
to furnifh as much water as is loft by evapora- 
tion, But, independent of the difficulties attend 
ing fuch calculations, if it communicates with 
any other fea, a uniform and rapid current to- 
wards the place of communication would be an 
infallible confequence ; but nothing of this kind 
has yet been difcovered, Travellers of the beft 
| C 3 credit 
* Shgw’s Travels, $ Proofs, art, XIX, 
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credit aflure us of the contrary. We, therefore, 
conclude, that the Cafpian Sea receives Juit as 
much water from the rivers and clouds as it lofes 
by evaporation. 

It is not improbable, that the Black Sea will, 
in time, be entirely divided from the Mediter- 
ranean; and that the Bofphorus will be chock- 
-éd up, whenever the rivers fhall have accumu- 
lated a fufficient quantity. of materials to bring 
about that effect. It is vapors to. fix the 
aera of this event ; but time, and the diminu- 
tion of waters in rivers, in proportion as the 
mountains are lowered by the caufes mentioned 
above, will one day exhibit this PRE ana 
to the world. 

The dre and Black Seas fhould, jl 
fore, be confidered rather as lakes than as gulfs 
of the ocean; becaufe they exa&ly refemble o- 
ther lakes which receive a number of rivers 
without any vifible outlet, as the Dead Sea, fe- 
veral lakes in Africa, and elfewhere. Befides, 
the faltnefs of thefe two feas is not nearly equal 
to that of the Mediterranean or of the ocean ; 
and, it is an agreed point, that the navigation 
in the Cafpian and Black Seas, on account of 
their numberlefs fhoals, rocks, and banks, is fo 
extremely hazardous, that {mall veffels only can 
be ufed in them with fafety. This circumftance 
farther proves, that thefe feas ought not to be 
confidered as gulfs of the ocean, but as vaft col- 
leétions of water amafled by large rivers, 

ye 
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If the ifthmus which feparates Africa from 
Afia were cut, it would necefiarily create a great 
irruption of the fea uponthe land. This junc- 
tion was formerly projected by the Kings of E- 
eypt, and adopted fince by the Califs. I doubt 
whether the pretended communication between | 
the Red Sea and Mediterranean be fufficiently 
eftablifhed. The Red Sea is a narrow branch of 
the ocean: Through its whole extent, not a 
{ingle river runs into it from the Egyptian fide, 
and very few from the oppofite. This fea will 
- not, therefore, be. fubje& to diminution, like 
thofe feas or lakes which are actually impaired 
by the flime and fand brought down by large 
rivers. The Red Sea receives all its waters di- 
rectly from the ocean, and the motion of the 
tides in it are very diedentble: of courfe, it muft 
_ be affected by the general motions of the ocean. 
The Mediterranean, on the other hand, mutt 
be lower than the ocean; becaufe the current 
through the Straits is exceedingly rapid. Be- 
fides, it receives the Nile, which runs parallel to” 
the weft coaft of the Red Sea, and pafles through 
the longeft extent of Egypt, which is a very low 
country. From thefe circumftances, it is at leaft 
probable, that the Red Sea is higher than the 
Mediterranean, and, dent that, if the 
ithmus of Suez were cut, a great inundation, 
and a confiderable duipmentation of the Mediter- 
ranean, would enfue; efpecially :£ the waters 
svere not reftrained by dikes and fluices, placed 

| at 
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at proper diftances. This precaution was pro- 
bably ufed, if ever the ancient canal exifted. 
But, not to fpend time on conjectures, which, 
hewerer well founded, may perhaps. appear 
rath, we fhall give fome certain and recent ex- 
amples of the changes of fea into land, and of 
land into fea*. At Venice, the bottom of the fea 
is conftantly in If the canals had not been 
carefully kept clean, the moats and city would, 
long ere now, have formed a part of the conti- , 
nent. The fame thing may be faid of moft har- 
bours, bays, and mouths of rivers. In Holland, 
the bottom of the fea is elevated in many places; 
the gulf of Zuderzee and the ftraits of the Tex" 
el, cannot receive fuch large veflels as formeriy. 
At the mouth of almoft every river, we find {mall 
iflands, and banks of earth and fand brought 
down from the higher grounds; and it is in- 
controvertible, that the fea is conftantly dam- 
med up, ehorew ee great rivers empty themfelves. 
The Rhine is loft in the fands which itfelf has 
accumulated. The Danube, the Nile, and all 
large rivers, after having tranfported great quan- 
tities of flime, fand, &c. never more arrive at 
the fea by a fingl le channel ; they fplit inta 
branches, the intervals of which confift of the 
materials which they themfelves have tranfport- 
ed, Marfhes are daily drained; lands, aban- 
doned by the'fea, are now Horse and fown; we 
navigate’ whele countries now covered by. the 
waters 3 
* Proofs, art. XIX. souk 
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waters; in a word, we fee fo many inftances of 
land changed into water, and water into land, 
that we muft be convinced of the continual, 
though flow progrefs of fuch changes in all pla- 
ces. Hence the gulfs of the ocean will in time 
become continents; the ifthmufes will be chan- 
ged into ftraits; and the tops of the mountains 
will be metamorphofed into fhoaly rocks in the 

fea. | 
The waters, therefore, have covered, and may 
fill cover, every part of the earth which 1s now 
dry. Hence our aftonifhment at finding the pro- 
ductions of the fea difperfed every where, anda 
compofition of bodies which could not. be ef- 
feted by any other means than the operation of 
the waters, ought for ever to ceafe. We have 
already explained how the horizontal ftrata of 
the earth were formed. But thofe perpendicular 
fiflures, which are equally diffufedthrough rocks, 
clays, and every conftituent material of the globe, 
remain to be confidered. The perpendicular fif- 
fures are indeed placed at greater diftances from 
each other than the horizontal ; and the fofter 
the matter, the more diftant are the fiffures. In 
marble and hard ftone, the perpendicular fiffures 
are only a few feet afunder. If the mafs of rock 
be extenfive, the diftance betwixt the fiffures is 
fome fathoms: Sometimes they extend from the 
fummit to the bafe of the rock, and fometimes 
they terminate after arriving at a horizontal fif- 
fure. They are uniformly perpendicular in the 
| REA . ftrata 
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ftrata of all calcareous fubftances, as chalk, 
marls, marble, &c. But they are more oblique, 
and lefs regularly fituated, in vitrefcent bodies, 
brown free-ftone, and rocks of flint, where they 
are often adorned with cryftals and other mi- 
nefals. In quarries of marble, or of calcareous 
fone, the fiflures are filled with fpar, gypfum, 
gravel, and an earthy fand, which contains a 
confiderable portion of chalk. In marls, and e- 
very other fpecies of earth, except fand-ftone, 

the perpendicular fiffures are either empty, or 
filled with fuch matters as have been tranfported 
thither by water. 

The caufe of perpendicular fiffures is eafily © 
inveftigated. As the various materials which con- 
fütute the different ftrata were tranfported by 
the waters, and depofited in the form of fedi- 
ments, they would at firft be in a very diluted 
ftate, and would gradually harden and part with- 
the fuperfluous quantity of water they contained. 
In the procefs of drying, they would naturally 
contract, and of courfe fplit at irregular diftan-. 
ces. Thefe fiffures neceflarily aflumed a per- 
pendicular direétion; becaufe, in this direction, 
the action of gravity of one particle upon 
another is equal to nothing; but it adts direc- 
ly oppofite in a ee Se Binion: The di- 
minution in bulk could have no fenfible effe& 
but in a vertical line. I fay, the contraétion of 
the parts in drying, not the contained water 
forcing an ue as has been andes is the caufe 

. of. 
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of perpendicular fiffures ; for I have often re - 
marked, that the fides of thefe fiflures, through 
their whole extent, correfpond as exactly as the 
two fides of a fplit piece of wood. Their fur- 
faces are rude and irregular. But, if they had 
taken their rife from the motion of water, they 
would have been {mooth and polifhed. Hence | 
thefe fiflures muft have been produced, either 
fuddenly or gradually, by drying and contraët- 
ing, like the cracks and fiffures in green wood ; 
and the greateft part of the water the bodies 
contained muft have evaporated through the 
pores. In the chapter upon minerals; we fhall 
demonftrate, that fome part of the original wa- 
ter ftill remains in ftones and feveral other fub- 
{tances ; and that cryftals, minerals, and fome 
other bodies, owe theirsexiftence to this water. 
Perpendicular fiffures vary greatly as to the 
extent of their openings. Some are about half 
an inch, or an inch, others a foot, or two feet ; 
_fome extend feveral fathoms, and give rife to 
thofe vaft precipices which fo frequently occur 
between oppofite parts of the fame rocks in the 
Alps and. other high mountains. It is plain, 
that the fiffures, the openings of which are fmall, 
have been occafioned folely by drying, But 
thofe which extend feveral feet are partly ow- 
ing to another caufe; namely, the finking of 
the foundation upon one fide, while that of the 
other remained firm. If the bafe finks but a line 
pr two, when the height of the rock is confide- 
rable, 
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rable, an opening of feveral feet, or even fa- 
thoms, will be the confequence. ‘When rocks 
are founded on clay or fand, they fometimes flip 
a little to a fide; and the fiffures are of courfe 
augmented by this motion. I have not hither- 
to mentioned thofe large openings, thofe prodi- 
gious cuts, which are to be met with in rocks and 
mountains: Thefe could not be produced by 
any other means than the finking of immenfe 
{ubterraneous caverns which were unable longer 
to fuftain their incumbent load. But thefe cuts 
Or intervals in mountains are not of the fame 
nature with perpendicular fiffures: They ap- 
pear Wo have been ports opened by the hand of 
_ nature for the communication of nations. This 
feems to be the intention of all large openings 
in chains of mountains, and of thofe ftraits by 
which different parts of the ocean are connett- 
ed; as the Straits of Thermopylae, of Gibral- 
tar, &c,; the gaps or ports in Mount Cauca- 
tus, the Cordeliers, &c. A fimple feparation, 
by the drying of the matter, could not produce 
this effect: Large portions of earth muf have 
been funk, fwallowed up, or thrown down pat 
Thefe great finkings, though occafioned by 
accidental and fecondary caufes f, are leading 
facts in the hiftory of the earth, and have con- 
tributed greatly in changing the appearance of 
its furface. Moft of them have been produced 
by fubterrancous fires, the explofions of which 
| ÿ give 
* Proofs, art, XVII. + Ibid. | 
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give rife to earthquakes and volcano’s. The 
force of inflamed matter, fhut up in the bowels 
of the earth, is irrefiftible*, By the action of 
fubterraneous fires, whole cities have been fwal- 
lowed up, mountains, and large tracis of coun- 
try, have been overturned and rendered unfit 
for the habitation of men. But, though this 
force be great, though its effects appear to be 
prodigious, we cannot aflent to the opinions of 
fome authors, who fuppofe that thefe fubterra- 

neous fires are only branches of an immenfe a- 
byfs of flame in the centre of the earth. Nei- 
ther do we credit the common notion, that thefe 
fires have their feat at a great depth below the 
furface ; for matter cannot begin to burn, or at 
leaft the inflammation cannot be fupported, with- 
outair, In examining the materials which iflue 
from volcano’s, even in their moft violent erup- 
tions, it is eafy to perceive that the furnace is not 
very deep, and.that the inflamed fubftances are 
the fame with thofe on the top of the mountain, 
only disfigured by calcination and the melting 
of the metallic particles they contain. To be 
convinced that the matters thrown out by vol- 
cano’s come not from any confiderable depth, 
we need only attend to the height of the moun- 
tain, and confider the immenfe force which 
would be neceflary to project ftones and mine- 
als to the height of half a league; for Ætna, 
Hecla, 


* Agricola de rébus quae efflunnt e terra. Phil. tranf. a- 
brid. vol. ii p. 391. Ray’s difcourfes, p.272 
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Hecla, and other volcano’s, have at leaft that 
elevation. | 
Now, it is well known that fire a@s equally 
on all fides; it cannot, therefore, a&t upwards 
with a force fufficient to throw large ftones half _ 
a league high, without an equal re-action on 
the bafe and fides. But the fides of the moun- 
tain would very foon be pierced and blown to 
pieces by this re-ation ; becaufe the materials 
of which it confifts are not more denfe or firm 
than thofe which are projected. How, then, can 
it be imagined, that the cavity, which muit be 
confidered as the tube or cannon, could poflibly 
refift a force neceffary to raife fuch heavy bodies 
to the mouth of the volcano? Befides, fuppofe 
the cavity deeper, as the external orifice is not 
great, it would be impoffible for fo large a 
quantity of liquid and burning matters to iffue 
forth at a time, without clafhing againft each 
other, and againft the irregular fides of the ca- 
vity ; and, in pafling through fo long a fpace, 
they would be in danger of cooling and con- 
géaling. Rivers of melted fulphur and bitu= 
men, projeted from volcano’s along with ftones 
and minerals, run from the tops of the moun- 
tains into the plains. Is it natural to think, 
that matter fo fluid, fo little able to refift violent 
“ation, could be projected. from a very great 
depth ? Every obfervation which can be made 
on this fubje® will tend to prove, that the fire 
in volcano’s is not very diftant from the tops of 
the 
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the mountains, and never defcends fo low as the 

level of the plains *. 
This account of volcano’s, however, is not 
inconfiftent with their being the caufe of confi- 
derable earthquakes ; ; neither does it contradic 
the communication of one volcano with ano- 
ther, by means of fubterraneous paflages f. But 
the depth ofthe furnace is the obje& of our 
_prefent inveftigation ; and it cannot be very dif- 
tant from the mouth of the volcano. To pro- 

duce an earthquake in a plain, it is not neceflary 
that the bottom of the volcano fhould be below 
the level of that plain, nor that there fhould be 
{ubterraneous cavities filled with the fame burn- 
ing matter under the plain. A violent explo- 
cat with which eruptions are uniformly ac- 
companied, may, like that of a powder-maga- 
zing, give fuch a concuflion as to produce, by its 
re-attion, an earthquake of confiderable extent. 
_ I mean not to fay that there are no earth- 
quakes which derive their exiftence from fub- 
terranean fires Ÿ ; but that there are earthquakes 
produced folely by the explofion of volcano’s. 
In confirmation of what has been faid upon this 
fubjeét, volcano’s feldom or never appear in 
. plains; on the contrary, their mouths, or cra- 
“ters, are always found on the tops of the high- 
eft mountains. If the fubterraneous fire of 
_volcano’s ftretched below the plains, would not 
new 


| * Borelli de incepdiis Ætnae. + Phil. Tranf. abridged, 
vol di. p. 392. Ÿ Proofs, art. XVI. 
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new paflages be opened there during violent e- 
ruptions, rather than in the tops of the moun- 
tains, where the refiftance is greater ? In the 
firft eruption, would it not have been eafier to 
pierce a plain, than a mountain of half a league 
in height ? | 

It is not difficult to difcover the reafon why 
volcano’s appear only in mountains, Greater 
quantities of minerals, fulphur, and pyrites, ex- 
ift in mountains, and nearer the furface, than in 
plains. The mountains have likewife this far- 
ther advantage; they are more fubje& to the 
impreflions of the air, and receive more rain and 
moifture, by which mineral fubftances are ca- 
pable of being fermented to fuch a degree as to 
produce actual inflammation. 

To conclude, it has often been obferved, that, 
after violent eruptions, the mountains have funk 
and diminifhed, nearly in proportion to the 
quantity of matter thrown out, which is ano- 
ther proof that volcano’s are not fo deep as the 
bafe of the mountains, and even that they are 
not much below the fummit. 

In many places, earthquakes have formed 
confiderable hollows, and even fome large gaps, 
in mountains. All other inequalities are coeval 
with the mountains themfelves, and owe their 
exiftence to currents in the ocean; for, in every 
place which has not been difturbed by acciden- 
tal convulfions, the ftrata of mountains are pa- 

rallel, 
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rallel, and their angles correfpond *, It is not 
difficult.to diftinguifh fubterraneous caverns and 
excavations formed by ‘volcano’s, from thofe 
produced by water. The lattet confift only of | 
folid rocks, the fand and clay with which they 
were formerly filled being carried off by the 
water, which is the origin of caverns in hills’; 
for thofe found in plains are commonly nothing 
but old pits and quarries, like the falt-quarriés | 
of Maeftricht, the mines of Poland) &c. © But 
natural caverns are proper to thé Mountains ; 
the fummit, or higher parts, furnith*them with 
“water, which afterwards iffues out tothe fur- 
“face wherever it can find a paflage.  Thefe 
caverns are the fources of /fprinys‘and. rivers. 
When à large cavern of this kind ‘is fuddenly 
‘filled up by the falling of its roof, an -inunda- 
tion is generally the confequence’f} de 
From thefe facts, ‘it “is eafy to perceive how 
much fubterraneous “fires have-conttibuted to 
change both the furface and internal'part of the 
globe!’ This caufe has power fufficient to pro- 
duce’ Very tent ends! But it as difficult to 
‘conceive how any fenfible alterations upon the 
land can be introduced by the winds f. "Their 
‘dominion would ‘appear tobe confined’ to the: 
fea.’ Indeed, next to the tides, nothing has Fuch 
‘a powerful influence upon the waters ; the Aux 
‘and reflux proceed with an uniform pace ; their 
4 VO Ny od 1: oh oie@Petations 
_* Proofs, art. XVIE 2 | 4 Phil Prof abadeed, voll i. 
Pp. 322: - t Proofs, a®. XV. Aue oy ; 
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‘operations are always the fame; but the a@ion 
of the winds is capricious and violent. They 
_xtufh on with irrefiftible fury, and excite fuch 
impetuous commotions, that the ocean, from a 
fmooth and tranquil plain, in an inftant is fur- 
sowed with waves which emulate the height of _ 
mountains, and dafh themfelves in pieces againft : 
the fhores. The furface of the-ocean is fubje& 

to conftant alterations from the winds. But 
ought not the furface of the land, which has fo 

folid an appearance, ever to remain uninfluenced 

by a caufe of this kind? It is confonant to ex- 

perience, however, that the winds raife moun- 

tains of fand in Arabia and Africa ; that they 

overwhelm large plains with it ; and that they 

frequently carry thele fands many leagues into 

the fea, whére they accumulate in Gack quanti-- 
ties as to form banks, downs, and even iflands * 

It is alfo well. known, ‘that hurricanes are the 


 feourge of the Antilles,\of Madagafcar, and of 


other countries, where their impetuofity is fo 
great, that they fweep.away trees, plants, and 
ariiaie together with the foil which nourifhed 
them. ‘They drive back, they annihilate rivers, 
and produce | new ones; they overthrow rock 
and mountains; they {coop out holes and cults 
in the earth,and totally change the face of thole 
MHAPRY countries which give birth to them. 
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Happily, few climates are expofed to the vio- 

lence of thofe dreadful agitations of the air. 
But the greateit changes upon the furface of 
the: earth are occafioned by rains, rivers, and tor- 
rents from the mountains. Thefe derive their 
origin from vapours raifed by the fun from the 
furface of the ocean, and are tranfported by the 
winds through every climate. The progrefs of 
_thefe vapours, which are fupported by the air, | 
and tranfported at the pleafure of the winds, is. 
interrupted by the tops of the mountains, where 
they accumulate into clouds, and fall down in 
the form of rain, dew, or fnow. Ar firft, thefe 
waters defcended into the plains without any 
fixed courfe * ; but they gradually hollowed out 
proper channels for themfelves. By the power 
of gravity, they ran to the bottom of the moun- 
tains, and, penctrating or diflolving the lower 
grounds, they carried along with them fand and 
gravel, cut deep furrows in the plains, and thus 
opened paflages to the fea, which always receives 
as much water by rivers as it lofes by evapora- 
tion. The windings in the channels of rivers 
have uniformly correlponding angles on their — 
oppofite banks ; and as mountains and hills, 
which may be regarded as the banks of the val- 
leys by which they are feparated, have likewife 
finuolities with correfponding angles, this cir- 
cumftance feems to demonftrate, that the valleys 
have been gradually formed by currents of the 
D 2 | ocean, 

# See proofs, art, X. and XVIII, 
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ocean, in the fame manner as the channels of 
rivers have been produced. 
‘ The waters which run upon the fishies; and 
‘fupport the verdure and fertility of the foil, 
compofe not perhaps one half of the quantity 
that is produced by vapour. Numberlefs veins 
of water fink deep into the bowels of the earth. 
In fome places, you are certain of obtaining 
water by digging; in others, none can be found. 
In almoft all the valleys and low grounds, at a 
certain depth, water is uniformly to be met 
with. But, in all high grounds, it is impoffible 
to extract water from the bowels of the earth, 
It muft be collected from the heavens.’ There 
are extenfive countries where no wells can be 
obtained: There men, and other animals, are 
fupplied with drink from cifterns and pools. In 
the eaft, and efpecially in Arabia, Egypt, and 
Perfia, wells and fprings are great and valuable 
rarities. To fupply their SAR the inhabitants 
have béen obliged to make large refervoirs to 
colle& the water that falls from the heavens. 
-'Thefe works, projeéted and executed from public, 
“neceflity, conftitute the moft beautiful and mag- 
nificent monuments of the eaft. Some eaftern 
refervoirs have more than two fquare leagues of 
fuperficies, and fertilize whole provinces by 
numberlefs ducts and canals let out from all fides, 
But, in plain countries, furnifhed with Jarge ri- 
vers, it is-impoffible to break the furface of the © 
ar th without DORE water. In camps fituated in 
IH VA BOR NX Te. ,2loore 230 “the 
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the neighbourhood of rivers, it often happens, 
_ that every tent may have its own well, by gi- 
ving.a few ftrokes with a pick-ax. 
_ Moft of the water, fo liberally diffufed through 
low grounds, comes ee the neighbouring hills : 
and eminences. During great rains, or the fud- 
den melting of fnow, part of the water runs 
upon the furface ; but moft of it penetrates the 
earth and rocks, by means of {mall chinks and 
fiffures. This water rifes again to the furface, 
whenever it can find an iflue; but it often drills 
through fands, and creeps along till it finds a 


bottom of clay, or hard earth, and there forms: | 


fubterraneous lakes, brooks, and perhaps rivers, ” 
of which the channels are for ever buried in o- 
blivion. Subterraneous rivers, however, mutt 
follow the general law of nature, and unifor mly - 
run from the higher to the lower ground. 
Their waters muft of courfe either fall at: laft. 
into the fea, or be collected in fome low place, 
whether at the furface, or in the bowels of the 
earth :. For there are Porseral lakes which neither 
receive nor give rife to any river, A {till great- 
er number receive no confiderable river, but are 
the fources of the largeft rivers on earth; asthe | 
lakes from which the river St Laurence fines 5 
the lake Chiame, from which two large rivers. 
arife, that Water the kingdoms of Alem and . 
Pegu ; the lakes of Affiniboil in America ; thofe |: 
of Ozera in Mufcovy ; thofe that give fe to - 
D 3 | the 
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the tag and the Irtis, and many. others *. Ie 
is plain, that thefe lakes muft derive their exift- 
ence from the waters of fuperior grounds, run- 
ning through fubterraneous paflages. Some, 
indeed, have affirmed, that lakes are to be met 
with on the tops of HE higheft mountains. But 
this is incredible; for the lakes found on the 
Alps, and other elevated fituations, are all over- 
topped by higher mountains, and derive their 
origin from the waters which run down the 
fides, or are filtered through the bowels of thefe 
fuperior eminences, in the fame manner as se 
lakes in valleys are fupplied. | 
From this reafoning, the exiftence of fubter- 
raneous colletions of water, efpecially under 
large plains, is apparent +: For mountains, hills, 
and heights of every kind, are expofed on all 
fides to the weather. The waters which fall 
upon their fummits, and upon elevated plains, 
after penetrating the earth, muft, from. the de- 
clivity of the ground, break out at many places 
_in the form of fprings and fountains: Of courfe, 
little water will be found in the bowels of moun- 
tains, But, in plains, as the water filtrated 
through the earth can find no iffue, it muft be 
collected in. fubtetraneous cayerns, or difperfed 
in {mall veins, among fand and gravel. This is 
the origin of the water fo univerfally diffufed 
through low grounds. The bottom of a pit, or 
well, is only a {mall artificial bafon, into which ! 
: : | the 
# Proofs, art. XI + Proofs, art. XVIIL 
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the water infinuates itfelf from the higher 
grounds. At firft it generally falls in by drops ; 
but afterwards, when the paflages become more | 
“open, it receives frefh fupplies from greater di- 
ftances, and runs in fmall continued veins or 
rills. To this circumftance it is owing, that, 
although water may be found in any part of a 
plain, only a certain number of wells can be fup- 
plied. This number is in proportion to the 
quantity of water diffufed, or rather to the ex- 
tent of the higher grounds from which it comes. 
To find water, it is unneceflary to dig below 
the level of a river. It is commonly found at 
fmaller depths. The water of rivers feldom 
. fpreads far in the earth by filtration. Even : 
what is found in the earth, below the level of 
rivers, is not derived from them; for, in rivers 
which have been dried up, or apes courfes have 
been changed, no greater quantity of water is 
* (obtained by digging, than in the neighbouring 
ground at an equal depth. Five or fix feet of 
earth is fufficient to contain water, and to pre- 
vent its efcape : I have often remarked, that the 
banks of rivulets or pools have no fenfible 
moifture at the diftance of fix inches from the 
water, It is true, the filtration is always in 
proportion to the penetrability of the ground. 
But, upon examining the flagnating pools with 
a fandy bottom, it is remarkable that the moi- 
fture fpreads but a few inches. Neither is the 
extent of it great in a vegetable foil, which is 
much 
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_ much more pe anid porous shai fand or hard, 
earth. À -garden-bed, though plentifully, wa- 
_ tered, communicates little or no moifture to thofe, 
‘ adjoining.. I have examined level heaps of gar- 
den-earth, of fix or eight feet thick, which had 
remained undifturbed for fome years, and found 
that the rain-water had never reached above 
three or four feet deep. L'have made the fame ~ 
obfervation upon earth which had lain 200 years 
in ridges: Below the depth of three or four feet, 
it was as-dryas duft. Hence the fpreading of 
water, by filtration alone,is:not fo extenfive as | 
has generally been imagined. Very little[can 
defcend in this way to the bowels of the:earth., 
. But ‘water, by. its own:gravity, defcends from 
the furface to the greareft ‘depths,’ It finks : 
through natural conduits, or forces paflages for 
itfelf : It follows the roots of ‘trees, the fiffures 
of rocks, lorinterftices in the earth, : It: divides 
and expands on all hands into an infinite num- 
ber of {mall branches or rills ; and uniformly 
defcends till its’ progrefs i 18 Ropped by clay ora 
folid earth, where it accumulates and breaks out 
to'the ae aes in form of a. {pring or fountain. 

It would’ be no éafy tafk to make an bine | 
calculation of the quantity of fubterraneous wa 
ters which-have no apparent iffue * Many au. 
thors pretend that it greatly are es. all the wa- 
ters on the furface : Not to mention thofe wha 
think that the interior die of the globe is en- 

HOT er AGREE 
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tirely filled with water, it is imagined by fome; 
that there is an infinite number of rivers, rills, 
and lakes, in the bowels of the earth. But this 
opinion feems.to have no proper foundation’: 
and it is probable, that the quantity, of fubter- 
raneous waters, which never appear at the fur- 
face, is very inconfiderable ; > for, if the number 
of. fubterrancous rivers were fo; great, Why:do. 
we never fee.any, of; their, mouths break. out, 
like fprings, on the furface ?. Befides, rivers: pto~ 
duce, confiderable changes, On the furface of the 
earth ; they carry off.the foils. they..wear away 
the. anos folid rocks; and, remove every thing 
that. oppofes their pañlage, The fame. effects 
would refult from fubterraneous-rivers. But 
no fuch changes have ever been difcovered ; no- | 
thing below the furface is difplaced ; the diffe- 
rent ftrata every where preferve their parallel 
and primitive pofition ; and it is only in very 
few places that fubterraneous veins of water, of 
any confideration, have been difcovered. Thus, 
the internal operation of water is not great ; 
but, as it is divided into an infinity of {mall 
veins, which are often fhut up by numberlefs 
obftacles, it gives rife to many fubftances, which 
are totally different, both in form and ftrudure, 
from thofe of the primitive matter. 

From what has been advanced, we may con- 
“clude, that the flux and reflux of the ocean have. 
produced all the mountains, valleys, and other 
| pointes on the furface of the earth; that 
; currents: 
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currents of the fea have feooped out the valleys, 
elevated the hills, and beftowed on them their — 
correfponding direétions ; that the fame waters 
of the ocean, by tranfporting and depofiting — 
earth, &c. have given rife to the parallel ftrata ; 
that the waters from the heavens gradually de- 
ftroy the effects of the'fea, by continually di- 
minifhing the height of the mountains, filling 
up the valleys, and choaking the mouths of ri- 
vers; and, by reducing every thing to its for- 
mer level, they will, in time, reftore the earth 
to the fea, which, by its natural operations, will 
again create new continents, interfperfed with 
Mountains and valleys, every way fimilar to 
thofe which we now inhabit. 


PROOFS 


OF THE 
THEORY or THE EARTH. 
ARTICLE & 

Of the Formation of Planets, 


§ natural hiftory is our proper fubjeét, we 
would willingly difpenfe with aftronomi- 
cal obfervations. But, as the earth is fo nearly 
related to the heavenly bodies, and, as obferva- 
tions of this kind illuftrate more fully thofe doc- - 
. trines we have already advanced, it is neceflary 
to give fome general ideas concerning the for- 
mation, motion, and figure of the earth, and o- 
ther planets. | 
The earth is a globe of about 3000 leagues i in 
diameter; it is fituated 30 million of leagues 
from the fun, round which it revolves in 365 
days. This annual revolution is the effe&t of 
two forces; the one may be confidered as an 
impulfe from npht to left, or from left to right ; 
the 
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the other as an AE from above down- 
wards, or from below upwards, to a common 
centre. The direction and quantity of thefe 
forces are combined, and fo nicely adjufted, that 


- they produce a uniform motion in an ellipfe ap- 


proaching to a circle. Like the other planets, 


the earth is opaque, throws out a fhadow, and 
reflects the rays of the fun, about which it re- 


volves in a time proportioned to its relative di- 
- ftance and denfity. It likewife revolves about 


its own axis in 24 hours; and its axis is inclined | 


‘to the plane of its orbit 66+ degrees. Its figure 
is that of a fpheroïd, the two axes of which dif- 
fer from each other about an 165th part; and 
it revolves round the fhorteft axis. 

Thefe are the principal phaenomena of the 
earth, the refults of difcoveries made, by: means 
of geometry, aftronomy, and navigation. It/is. 
unneceflary here to enumerate the proofs and. 


obfervations by which thefe facts have been e~ 
ftablithed. We fhall confine our remarks to fuch © 
objects as are fill doubtful ; ; and fhall. therefore | 
proceed to give our ideas concerning the forma- 


tion of planets, and the changes they have un- 
dergone, previous to their arriving at the flate in 
which we. now perceive.them. .: To the many 
fyftems and hypothefes: which have been framed 


concerning the formation of the-earth, and the 


different fates it has pafled through, we may.be 
allowed to add our own conjeétures, , efpecially, 
as. We are determined to fupport them with a fu- 


periof #2 


\ 
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perior degree of probability ;:and we are the 
more encouraged to deliver our notions on this | 
fubject, becaufe we hope to enable the reader to 
diftinguith between an hypothefis which confifts 
only of poffibilities, and a theory fupported by 
fas ; between a fyftem, fuch as we are about 
to give, of the formation and primitive ftate of 
the earth, and a phyfical hiftory of its teal con- — 
dition, which has been delivered in the prece- 
ding difcourfe. 

Galileo traced the laws of Fil lling bodies ; and 
Kepler obferved, that the areas ich the prin- 
cipal planets AGribe à in moving round the fun, 
and thofe of the fatellites round their ptineipal 
planets, were proportioned to the periods of 
their revolutions, and that thefe periods were 
as the fquare roots of the cubes of their diftan- 
ces from the fun, or from the principal planets. 
Newton difcovered that the power of gravity 

extended to the moon, and retained it in its or- 3 
bit; that the force of gravity diminifhed in ex- 
act proportion ‘to the {quares of the diftances, 
_ and, confequently; that the moon is attraGed by 
the earth ; that’ the earth, and all planets, are 
attracted by ‘the fun Hattdi in general, that all 
bodies which revolve about’ a centre, and de- 
fcribe areas proportioned'to the periods of their 
‘revolution, are attracted by that luminary. Gra- 
vity, therefore, is a general law of nature. : The 
planets, comets, the fun, the earth, are all fub- 
a to its laws; and it is the PE of that har- 

| mony 
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mony which prevails in the univerfe. Nothing 
in phyfics is better eftablifhed than the exiftence 
of this power in every material body. Repeat- 
ed experience has confirmed the effects of its 
influence, and the labour and ingenuity of geo- 
meters have determined its qua and rela- 
tions, 

This general law being once Vel the 
effects of it would be eafily explained, if the ace 
tion of thofe bodies which produce them were 
not too complicated. A flight view of the folar 
fyftem will convince us of the difficulties which - 
attend this fubject, The principal planets are 
attracted by the fun, the fun by the planets, the 
fatellites by the principal planets, and each pla- 
net attracts all the others, and is attracted by 
them, All thefe ations and re-adions vary 
according to the quantities of matter and the di- | 
ftances, and give rife to great inequalities, and 
even irregularities. How are fo many relations 
to be combined and eftimated? Among fuch a 
number of obje@s, how is it poffible to trace 
any individual? Thefe difficulties, however, 
have been furmounted ; the reafonings of. the- 
ory have been confirmed by calculation ; every 
obfervation has produced a new demonftration ; 
and the fyftematic order of the univerfe is now 
laid open to every man who i is able to diftinguith — 
truth from error. 

The force of impulfion, or what is common- 
ly called‘the centrifugal force, is Mill unknown; 

ae 
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_ but it affects not the general theory. It is evi- 
dent, that, as the attraétive force continually 
draws all the planets towards the fun, they 
would fall in a perpendicular line into that lu- 
minary, if they were not kept at a diftance by 
fome other power, forcing them to move in a- 
firaight line. If, again, this impulfive force 
were not counteracted by that of attration, all 
the planets would fly off in the tangents of their 
tefpective orbits. . This progreilive or impulfive 
force was unqueftionably at firft communicated 
to the planets by the Supreme Being. But, in 
phyfical fubjeéts, we ought, as much as poffible, 
to avoid having recourfe to fupernatural caufes: 
and, [ imagine, a probable reafon may be af- 
figned forthe impulfive force of the planets, 
which will be agreeable to the laws of mecha- 
nics, and not more furprifing than many revolu- 
tions that muft have happened in the univerfe. 
The fphere of the fun’s attraQiion is not limit- 
ed by the orbits of the planets, but extends to 
an indefinite diftance, always decreafing accor- 
ding asithe fquares of the angmented diftances: 
The comets, itis evident, which efcape our fight 
in the heavenly regions, are, like the planets, 
fubje& to the attraction of the fun, and by it their 
motions are regulated. All thefe bodies, the di- 
rections of which are fo various, move round ~ 
the fun, and defcribe areas proportioned to their 
periods, the planets in ellipfes, more or lefs cir- 
cular, and the comets, in narrow ellipfes of vaft 
extent. 
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extent. The motions, therefore, both of planets 
“and comets, are regulated by impulfive and at- 
tractive forces continually ating upon them, 
‘and obliging them to defcribe curves. But it is 
worthy of remark, that comets run through the 
fyftem in all direCtions ; that the inclinations of 
the planes of their orbits are fo very different, 
that though, like the planets, they be fubje& to” 
thé law of attraction, they have nothing in com- 
mon with regard to their progreflive or impul- 
five motions, but appear, in this refpe€t, to be 
-abfolutely independent of each other. The pla- 
nets, on the contrary, move round the fun in 
the fame direétion, and nearly in the fame . 
plane, the greateft inclination of their planes 
not exceeding 7 degrees. This fimilarity in 
the pofition and motion of the planets indicates, 
‘that their impulfive or centrifugal forces muft 
have originated from one common caufe; >” 
May. we not conjecture, that a comet falling 
into the body of the fun might drive off fome 
parts from its furface, and communicate «to 
them a violent impulfive force, which they ftill 
retain?) This conjecture appears to be as well 
founded as that of Mr Leibnitz, which fuppofed : 
the carth and planets to have formerly been 
funs; and his fyftem, of which an abridgement 
will be givenin Art. V. would have been more 
-comprehenfive, and more confonant to probabi- _ 
tity, if it had embraced: theïabove idea. We. 
_-agree with him, that this effect was produéed'at | 
FANS | | the 4 
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the time when God is faid by Mofes to have fe- 
parated the light from the darknefs; for, accor~ 
ding to Leibnitz, the light was feparated from 
the darknéfs when the planets were extinguifh- 
ed. But, on our fuppofition, there was a real 
phyfical feparation; becaufe the opaque bodies 
of the planets were detached from the luminous 
matter of which the fun is compofed *, 

This notion concerning the caufe of the cen- 

trifugal force of the planets will appear to be 
 lefs exceptionable, after we have collected the 
analogies, and eftimated the degrees of probabi- 
lity by which it may be fupported. We fhall 
firit mention, that the motion of the planets 
have one common diretion, namely, from weft 
to eaft. By the doctrine of chances, it is eafy 
to demonftrate, that this circumftance makes it 
as 64 to 1, that the planets could not all move 
in the fame direction, if their centrifugal forces 
had not proceeded from the fame caufe. 

This probability will be greatly augmented, 
if we confider the fimilarity in the inclinations 
of the planes of their orbits, which exceed not 
7~ degrees ; for, by calculations, it has been dif 
covered, that it is 24.to 1 againit any two pla- 
nets being found, at the fame time, in the moft 
diftant parts of their orbits; and, confequently, 
24°, or 7692624 to 1, that this effe@ could not 

Vou. I. E | be. 


* If the Count de Buffon had known, that the nucleus of the 
fun was a folid and opaque matter, a difcovery lately made by 
the ingenious Dr Wilfon of Glafgow, his hypothefis would have 
laboured under fewer difficulties, | | 
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be produced by accident; or, what amounts to 
the fame, there is this great degree of probabi- 
lity, that the planets have been impreffed with 
one common moving force, from which they 
have derived this Graltis pofition. But no- 
thing could beftow this common centrifugal 
motion, except the force and direQion of the 

. bodies by which it was orlginally communica- 
ted. We may, therefore, conclude, that all the 
planets have probably received their centrifugal 
motion by one fingle ftroke. Having eftablifh- 
ed this degree of probability, which almoft a- 
mounts to a certainty, I next inquire what mo-_ 
ving bodies could produce this effect; and I can. 
find nothing but comets capable of communica- | 
ting motion to fuch vaft mañles. 

Upon examining the courfe of comets, it 1s 
eafy to. believe that fome of them muft occa- 
fionally fall into the fun. The comet 1680 ap- 
proached fo near, that, at its perihelion, it was 
not more diftant from the fun than a fixteenth 
part of his diameter ; and, if it returns, which © 
is extremely probable, in the year 2255, it may 
then fall into the fun. This event muft depend 
upon the accidents it meets with in its courfe, 
and the retardations it fuffers in patie through | 
the fun’s atmofphere *, 

We may, therefore, a with the great: 
Newton, that comets fometimes fall into the 
‘fun, But they may fall in different direétions. 

If 
* Sce Newt. edit. 3. p. 525: | 


OF PLANETS. 67 


If they fall perpendicularly, or in a direction 
not very oblique, they will remain in the body 
of the fun, ferve the purpofes of fewel, and, by 
their impulfe, remove the fun from his place, 
in proportion to the quantity of matter they 
contain*. But, if a comet falls in a very o- 
blique direétion, which will moft frequently 
happen, it will only graze the furface, or pene- 
trate tono great depth. In this cafe, it may 
force its way paft the fun, detach certain por- 
tions of his body, to which it will communicate 
a common impulfive motion ; and thefe portions 
pufhed off from the fun, and even the comet 
itfelf, may turn planets, which will revolve 
round this luminary 1 in the fame direction, and 
nearly in the fame plane. A calculation, per- 
haps, might be made of the quantity of matter, 
velocity, and direftion, a comet ought to have, 
in order to force from the fun mafles equal to 
thofe which compofe the fix planets and their 
fatellites. But it is fufficient here to obferve, 
that the whole planets, with their fatellites, 
make not a 65oth part of the fun’s mafs f ; for 
although the denfity of Saturn and Jupiter be 
Jefs than that of the fun, and though the earth 
be four times, and the moon near five times, 
more denfe than the fun; yet they are only 
atoms when compared to his immenfe volume. 
E2 It 

* Quaer. Would not fuch an event, by augmenting the fun’s 


quantity of matter, and, confequently, his attractive power, pro- 
duce other changes in the folar fyftem? + See Newt. p. 405, 
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It muft be acknowledged, that, although 2 
650th part of a whole may feem inconfiderable, 
it would require a very large comet to detach 
this part from the fun. But, if we confider the 
prodigious rapidity of comets in their perihelion ; 
the near approach they make to the fun; the 
denfity and ftrong cohefon of parts necef- 
{ary to fuftain, without deftru@tion, the incon- 
ceivable heat they undergo; and the folid and 
briltiant nucleus which fhines through their dark 
atmofpheres ; it cannot be doubted that comets 
are compofed of matters extremely denfe and 
folid ; that they contain, in fmall limits, a great - 
quantity of matter; and, confequently, that a 
comet of no enormous fize may remove the fun 
from his place, and give a projectile motion to 
a mafs of matter equal to the 6soth part of 
his body. This remark correfponds with what we 
know concerning the refpedtive denfities of the 
planets, which always decreafe in proportion to 


their diftances from the fun, having lefs force of _ 


heat to refift. Accordingly, Saturn is Jefs denfe 
than Jupiter, and Jupiter much lefs than the 
earth. ‘Thus, if the denfity of the ‘planets, as 
Newton alledges, bein proportion to the quan 
tity of heat they fupport, Mercury will be fever 
times denfer than the earth, and 28 times denfer 
than the fun, and the comet 1680, 28,000 times 
more denfe than the earth, or 112,000 times ~ 
denfer than the fun. Now, fuppofing the quan- 


. tity of matter in this comet to be equal to a 


ninth — 
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ninth part of the fun, or, allowing it to be only 
100dth part of the bulk of the earth, its quan- 
tity of matter would ftill be equal to a gooth 
part of the fun: Hence a body of this kind, 
which would be but a {mall comet, might puth 
off from the fun a gooth or a 6soth part, efpe- 
cially when the amazing rapidity of comets, in 
their perihelion, is taken into the calculation. 

_ The correfpondence between the denfity of 
the whole planets, and that of the fun, deferves 
_alfo to be noticed. Upon, and near the furface 
of the earth, there are fubftances 1400 or 1500 
- times denfer than others; the denfities of air 
and gold are nearly in this proportion. But the 
interior parts of the earth and planets are more 
uniform, and differ little with regard to denfity ; 
and the correfpondence in the denfity of the 
planets and that of the fun is fo great, that, out 
of 650 parts, which comprehend the whole 
denfity of the planets, there are more than 640 
nearly of the fame denfity with the folar mat- 
ter; and there are only ten of thofe 650 which 
are of a fuperior denfity ; for the denfity of Sa- 
turn and Jupiter is nearly the fame with that 
of the fun; and the quantity of matter in thofe 
two planets is at leaft 64 times greater than 
what is contained in the four inferior planets, 
Mars, the Earth, Venus, and Mercury. We 
may, therefore, conclude, that, in general, the 
. matter of the planets is very nearly of the fame 

| E 3 kind 
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kind with the folar matter, and, of courfe, that . 
the former may have been feparated from the’ 
latter. | 

To this theory, it may be objeGted, that, if the 
planets had been driven off from the fun by a 
comet, in place of defcribing circles round him, 
they muft, according to the law of projectiles, 
have returned to the fame place from whence 
they had been forced ; and, therefore, that the 
projectile force of the planets cannot be attribu- 
ted to the impulfe of a comet. 

I reply, that the planets iflued not fron the | 
fun in the form of globes, but in the form of 
torrents, the motion of whofe anterior particles 
muft have been accelerated by thofe behind, and 
the attraGtion of the anterior particles would al- 
fo accelerate the. motion of the pofterior; and 
that this acceleration, produced by one or both 
of thefe caufes, might be fuch as would neceffa- 
rily change the original motion arifing from the 
impulfe of the comet, and thar, from this caufe, 
might refult a motion fimilar to what takes place 
in the planets, efpecially when it is confidered, 
that the fhock of the comet removes the fun 
out of its former flation. This reafoning may 
be illuftrated by an example. Suppofe a mufket- 
ball difcharged from the top of a mountain, 
and that the force of the powder was fufficient 
to puth it beyond a femidiameter of the earth, — 

it 18 certain that this ball would revolve pune 
| the 
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the earth, and return at every revolution to the 
place from whence it had been difcharged. But, 
inflead of a mufket-ball, if a rocket were em- 
ployed, the continued action of the fire would 
greatly accelerate the original impulfive motion, 
This rocket would by no. means return to the 
fame point, like the ball ; but, caeteris paribus, 
would defcribe an orbit, the perigee of which 
would be more or lefs diftant from the earth in 
proportion to the greatnefs of the change pro-= 
duced in its direction by the accelerating force 
of the fire. In the fame manner, if the original 
projectile force imprefled by the comet on the 
torrent of folar matter was accelerated, it is pro- 
bable, that the planets formed by this torrent ac- 
quired their prefent circular or elliptical move- 
ments around the fun. | 

The appearances exhibited in great eruptions 
from volcano’s may give fome idea of this acce- 
 leration of motion. When Vefuvius begins to 
groan and throw out inflamed matter, it has been 
often remarked, that the motion of the cloud 
firft ejected is flower than the fucceeding ones, 
and that they go on increaling in celerity, till at 
laft fulphur, lava, melted metal, and huge ftones 
are thrown up; and that, though thefe obferve 

nearly the fame direction, they alter confider- 
ably that of the firft cloud, and elevate it to a 
greater height than it would otherwife have 
reached, 
| The 
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- The obje€tion will be full farther abwldted: if 
it is confidered, that the impulfe of the comet 
muft, in fome degree, have communicated a mo- 
tion to the fun, and removed it from its former 
fituation ; and that, although this motion may 
now be fo fmall as to efcape the notice of aftro- 
nomers, it may ftill, however, exift, and make 
the fun defcribe a curve round the centre of gra- 
vity of the fyftem. If this be allowed, as I pre- 
fume it will, the planets, inftead of returning to 
the fun’s body, would defcribe orbits, the peri< 
helions of which. would be as diftant from the 
fun as the fpace that he prefently es is 
diftant from his original ftation. — 

It may be farther objected, that, if motion 
be accelerated in the fame direétion, no change 
in the perihelion could take place. But, is it 
credible, that no change of direétion can hap- 
pen in a torrent whofe particles fucceed each 
other? On the contrary, it 1s extremely pro- 
bable, that a change was actually produced fuf- 
ficient to make the planets move in their bi 
fent orbits. | 

It may {till be objected, that, if the fituation: 
of the fun had been changed by the fhock of a 
comet, it would move uniformly; and, of courfe, _ 
this motion being common to the whole fyftem, © 
no alteration would be effected. But, previous 
to the fhock, might ñot the fun move round 
the’centre of the cometary fyftem 5 and might | 

not : 
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not this primary motion be augmented or dimi- 
nifhed by the ftroke of the comet? Is not this 
fuficient to account for the actual motion of 
the planets ? 
If none of thefe fuppolitions be admitted, may 
it not be prefumed, that: the elafticity of the fun 
might’ elevate the torrent above his furface, in 
place of pufhing it diretly forward? ‘This cir- 
cumftance alone would be fufficient to remove 
the perihelion, and endow the planets with their _ 
prefent movements, » Neither is this fuppofition 
… deftitute of foundation: The folar matter may be 
exceedingly elaftic ; fince light, the only part 
of it we are acquainted with, feems, by its ef- 
 feéts, to be perfectly elaftic. I acknowledge 
. that [ cannot determine which of the caufes a- 
bove afligned has actually produced an altera- 
tion in the projedtile force of the planets; but 
they at leaft fhow that fuch a change is not on- 
ly poffible, but probable, which is enough for. 
my prefent purpofe. | 
Without farther inffting on the objections | 
| which may be made againft my hypothefis, or 
the analogical proofs that might be brought in 
. fupport of it, I fhall profecute my fubjea, and 
draw the proper conclufions. Let us firft exa- 
mine what might happen to the planets, and par- 
ticularly to the earth, when they were imprefled 
with their projectile forces, and what was their 
ftate after their feparation from the body of the 
| fun. 
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fun, A projectile motion having been commu- 
nicated, by the ftroke of a comet, to a quantity 
of matter equal to a 6soth part of the fun’s 
mafs, the light particles would feparate from the 
denfe, and, by their mutual attractions, form 
globes of different folidities. Saturn being com- 
pofed of the largeft and lighteft parts, would be 
removed to the greateft diftance from the fun ; 

Jupiter, being denfer than Saturn, would bia 
a nearer Ratio and foof the reft. The largeft 
and leaft folid raided are moft diftant, becaufe 
they received a greater projectile force than the 
fmaller and dot for the proje@tile force be- 
ing proportioned to the furface to which it is 
applied, the fame ftroke would make the larger 
and lighter parts of the folar matter move with 
more rapidity than the fmaller and heavier. 
The parts, therefore, which differed in denfity, 
would feparate from each other in fuch a man- 
ner, that, if the denfity of the folar matter be | 
equal to 100, that of Saturn will be equal to 
67, of Jupiter, = 947, of Mars, = 200, of the 
Earth, = 400, of Venus, = 800, of Mercury, | 
= 2800. But, as the attractive force acts not 
in proportion to the furface, but to the quantity — 
of matter, it would retard the progrefs of the 
more denfe parts of the folar matter ; and it is 
for this reafon that we find the moft denfe pla- 
nets neareft the fun, and which move round 
him with more rapidity than ee that are more © 
ct and lefs denfe. à 
The 


OF:PLANETS.. a9 


The denfity and projeétile motion of Saturn 
and Jupiter, the two largeft planets in the fyftem, 
have the moft exa& proportion. The denfity 
of Saturn is to that of Jupiter as 67 to 944, and 
their velocities are nearly as 884 to 120, or as 
67 to 9075. How rarely do pure conjectures 
correfpond fo exactly to the phaenomena of na- 
ture? dtis true, according to this relation be- 
tween the celerity and denfity of the planets, 
the denfity of the earth ought not to exceed 
20067, inftead of 400, which is its real denfity ; 
hence it may be fuppofed, that the earth has now 
double its original denfity. With regard to the 
other planets, Mars, Venus, and Mercury, as 
their denfities are only conjectural, we know 
not whether this circumftance would confirm or 
weaken our hypothefis. Newton fays, that the 
denfities of the planets are proportioned to the 
degrees of heat they are expofed to; and it is 
in confequence of this idea that we have men- 
tioned Mars as being one time lefs denfe than 
the earth, Venus one time, Mercury feven times, 
and the comet 1680, 28,000 times denfer than. 
‘the earth, But, if we attend to Saturn and Ju- 
piter, the two principal planets, we will find, 
that this fuppofed proportion between the den- 
fities of the planets, and the heat they fuftain, is 
not well founded: For, according to this hy- 
pothefis, the denfity of Saturn would be as 4.7,, 
_and that of Jupiter as 1424, inftead of the pro- 
portions of 67 and 947; differences fo great as 

re to 
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to deflroy the principles upon which they are 
founded. Thus, notwithftanding the regard due 
to the conjectures of Newton, I cannot refrain 
from thinking that the denfities of the planets 
have a nearer relation to their celerities than to 
the degrees of heat to which they are expofed. 
This, indeed, is only a final caufe; but the other 
is a phyfical relation, the exaétnefs of which is 
remarkable in Saturn and Jupiter. ‘It is certain, 
however, that the denfity of the earth, inftead | 
of being 2064, is 4860; and, confequently, the 
earth muft have fuffered a condenfation in the 

proportion of 2067 to 400. | 
But, have the condenfations of the planets no 
relation to the quantity of folar heat they fu- 
ftain ? In that cafe, Saturn, which is at the 
greateft diftance from the fun, would have fuf- 
fered little or no condenfation ; and Jupiter 
would be condenfed from 9024 to 94+. Now, 
the fun’s yori in Jupiter being to his heat in the 
earth as 1422 to 400, their condenfation ought 
to be in the fame ainda ve enw Thus, if Jupiter 
be condenfed ‘as go24 to 04+, the earth,’ if it 
had beén in the baie of Tapia would have 
been condenfed from 2062 to 215%; but'the » 
earth being much nearer the fun, and receiving 
heat, in proportion to that of Jupiter, as 400 to 
14zz, the quantity of condenfation it would 
have undergone in the orbit of Jupiter muftbe : 
multiplied by the proportion of 400 to 1422, 
which will give nearly 234+ for the condenfa+ 
: tion 


se 
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tion the earth muft have received. The den- 


fity of the earth was 2062; by adding its ac- 
quired condenfation, its actual denfity will be 
400%, which is nearly the fame with 400, its 
real denfity determined by the moon’s parallax. 
With regard to the other planets, I pretend not 
to give exact proportions, but only approxima- 


tions, tending to fhew, that their denfities have 


a ftrong connection with the celerity of their 
motions in their refpective orbits. 
The comet, by falling obliquely on the fun, 
as mentioned above, muft have forced off from 
his furface a quantity of matter equal to a 6soth 
part of his body. This matter, being in a li- 
quid flate, would at firft form a torrent, of 
which the largeft and rareft parts would fly to. 
the greateft diftances; the fmaller and more 
denfe, having received only an equal impulfe, 


would remain nearer the fun ; his power of at- 


traction would operate upon all the parts de- 


tached from his body, and make them circulate 
round him ; and, at the fame time, the mutual 
attraction of the particles of matter would caufe 
all the detached parts to aflume the form of 
globes, at different diftances from the fun, the 
nearer moving with greater tapidity in their or- 
bits than the more remote, 2 | 

But, it may be objected, that, if the planets 
had been detached from the fun; they muft 


have been burning and luminous, not cold 
and opaque. bodies ; nothing can have lefs re~ 


femblance 
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femblance to a globe of fire than a globe com- 
pofed of earth and water ; and, by comparifon, 
the matter of the earth is totally different from 
that of the fun. 

It may be replied to this objection, that the 
matter changed its form after its feparation, and 
that the fire, or light, was extinguifhed by the 
projectile motion communicated by the ftroke, 
Befides, may it not be fuppofed, that the fun, or 
a burning ftar, moving with a rapidity equal to 
that of the planets, would foon be extinguifhed ; © 
and that this may be the reafon why all the lu- 
minous, or burning ftars, are fixed, and without 
motion ; and why thofe called new ftars, which 
have probably changed their ftations, are fre- 
quently extinguifhed and difappear ? To con- 
firm this remark, comets, when in their perihe- 
lia, ought to be inflamed even to their centre ; 
but they never become luminous {tars ; they on- — 
ly emit a burning vapour, a confiderable portion 
of which they leave behind them in their courfe. 

In a medium which has little refiftance, I ac- 
knowledge, that fire may fubfift, although the 
burning body be moved with great rapidity. It 
muft likewife be acknowledged, that what I 
have faid applies only to thofe ftars which dif- 
appear for ever, not to thofe that appear and — 
difappear at ftated intervals, without changing 
their fituations in the heavens, Of thefe Mau-. 
pertuis, in his difcourfe on the figure of the ftars, 


has given a moft fatisfaétory account. But thofe 
which 
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which have appeared, and then vanifhed for 
ever, muft unqueftionably have been extin- 
guifhed either by the quicknefs of their motion, 
or fome other caufe. There is not a fingle ex- 
ample. of a luminous ftar revolving round ano- 
ther; and not one of the fixteen planets which 
revolve round the fun have any light in them- 
felves. | | 

Farther, fire, in: fmall maffes, cannot fubfift 
fo long as in large ones, ‘The planets would 
burn a confiderable time after they iflued from 
the fun; but, at length, would extinguith for 
want of combuftible matter, For the fame rea- 
fon, the fun itfelf will be extinguifhed ; but at 
a period as much beyond that which extinguith- 
ed the planets, as the quantity of matter in the 
fun exceeds that of the planets. However this 
may be, the feparation of the planets from the 
fun, by the fhock of a comet, appears fufficient 
_ to account for their extin@ion. | 
* The earth and planets, when they iffued from 
_ the fun, were totally compofed of liquid fire ; 
in which ftate they would continue no longer 
than the violence of the heat that kept them in 
fufion. But this heat would gradually decay 
from the moment they left the fun. During 
their fluid ftate, they neceflarily affumed circu- 
Jar figures ; and their diurnal motion would e- 
levate their equators, and flatten their poles. I 
agree with M. Leibnitz *, that this figure corre- 
| | | fponds 
® Vid, Ad. Erud. Lipf. an. 1692, 
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{ponds i send with the laws of hydroftatics, | 
that the earth and planets muft neceflarily have 
been once in a ftate of fluidity occafioned by 
fire; and, confequently, that the interior parts 
of the earth muft be compofed of vitrified mat- 
ter, of which fand, free-ftone, granite, andsper- 

haps clay, are fragments, or fcoriae. | 
It is therefore extremely probable, that the 
planets were originally parts of the fun fepara- 
ted by a ftroke which communicated to them a 
projectile motion; and that their different di- 
{tances proceeded folely from the difference of 
their denfities. ‘To complete this theory, it on- 
ly remains to account for the diurnal motion of 
the planets, and the origin of their fatellites ; 
which, inftead of atin frefh difficulties, will 
tend oven to confirm my hypothefis: For ro- 
tation, or what is called diurnal motion, entire- 
ly aban on the obliquity of the robe: AP ts 
oblique impulfe on the furface of a body necef- 
farily gives it a rotatory motion. If the body 
which receives the impulfe be homogeneous, the 
rotatory motion will always be equal and uni- 
form; but it will be unequal, if the : body con- 
fit ae heterogeneous parts, or of parts different ! 
in denfity. Hence we may conclude, that the 
matter of each planet Naas cones becaufe — 
the diurnal motion of each is uniformly per- 
formed in the fame time; and this circumftance ~ 
-is an additional proof, that portions of different — 
denfities were originally feparated from the fun. © 
| But 
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But the obliquity of the ftroke might be fo 
great as to throw off {mall quantities of matter 
from the, principal planet, which would necef= 
farily move in the fame direction. Thefe parts, 
by mutual attraction, would reunite, according 
to their denfities, at different diftances from the 
planet, follow its courfe round the fun, and at 
the fame time’ revolve about the body of the 
planet, nearly in the plane of its orbit. _ It is eafy 
to perceive that the portions we mean are the 
fatellites: Thus the formation, pofition, and 
motion of the fatellites correfpond, in the moft 
perfect manner, with our theory ; for they all 
move in the fame direction, and in concentric 
circles round their principal planets, and nearly 
in the plane of their orbits. All thefe common 
effects, depending on an impulfive force, muft 
have proceeded from a common caufe, which 
was a projectile force communicated to them by 
the fame oblique ftroke. This account of the 
motion and formation of the fatellites will bé 
ftrongly fupported, if the other circumftances 
and phaenomena attending them be duly weighs 
ed. Thofe planets which are furnifhed with fa 
tellites move quickeft round theiraxes. The re 
volution of the earth is quicker than that of Mars, 
in the proportion nearly of 24 to 15; the earth 
has a fatellite, and Mars has fone; Jupiter, 
whofe diurnal motion is 500 or 600 times more 
rapid than that of the earth, has four fatellites ; 
and it is extremely probable, that Saturn, who 
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has five fatellites and a ring, revolves much more 
quickly than Jupiter. 

We may even conjedure, with fome proba- 
bility, that the plane of the equator of Saturn’s 
ring is nearly the fame with that of the planet ; 
for, fuppoñng, according to the preceding theory, 
the obliquity of the impulfe which put Saturn 
in motion to have been very great, his diurnal 
motion would at firft be in proportion to the 
excefs of the centrifugal force above that of gra- 
vity, and, of courfe, a confiderable quantity of 
matter would be thrown off from his equatorial 
‘regions, and neceflarily affume the figure of a 
ring, the plane of which would be nearly the 
fame with that of his own equator. ~ This quan- 
tity of matter detached from the equatorial re- 
gions of Saturn, muit have flattened the equator 
of that planet ; which is the reafon why, not- 
withflanding the rapidity with which we have 
fuppofed him to revolve round his axis, the di- 
ameters of Saturn are not fo unequal as thofe of 
Jupiter, which differ from each other more than 
an eleventh part. 

Though this theory of the formation of the 
planets and their fatellites appears to be extreme- 
ly probable ; yet, as every man has his own 
ftandard of .eftimating probabilities of this na- 
ture, and as this ftandard varies according to the © 
different capacities of combining analogies more. 
or lefs remote, I pretend not to convince thofe 
who are yowellis to believe. I have offered thefe 
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ideas to the public, not only becaufe 1 thought 
them rational, and calculated to unravel a fub- 
je upon which, however important, nothing 
has hitherto been written ; but becaufe the im- 
pullive motion of the planets gives rife to num- 
berlefs phaenomena ‘in the univerfe, which ad= 
mit not of an explanation by gravity alone. To — 
thofe who may be difpofed to deny the poffibi- 
lity of my theory, I would propofe the follow- 
ing queries : | 

1. Is it not natural to imagine, that a moving 

body -has received its motion from the impulle 
of fome other body ? 
_ 2. When feveral bodies move in the fame dj- 
rection, is it not exceedingly probable, that they 
received this direction from a fingle ftroke, or, 
at leaft, from ftrokes every way fimilar ? 

3. When feveral bodies in motion have not 
only the fame direétion; bur are placed in the 
fame plane, is it not more natural to think that 
they received this dire@ion and pofition from 
one impulfe than from many? 

4. {sit not probable, that a body put in mo- 

tion by impulfe, fhould receive it in an oblique 
direction; and confequently that it fhould be 
forced to move round its axis with a-rapidity — 
proportioned to the obliquity of the ftroke? If 
thele queries be not unreafonable, the theory of 
which we have given a fketch will no longer 
have the appearance of abfurdity. | 
| F2 Let 
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Let us now proceed to a more interefting ob- 
ject ; let us examine the figure of the earth, 
upon which fo many inquiries and obfervations 
have been made. As it appears, from the e- 
quality of the earth’s diurnal motion, and the 
uniformity in the inclination of its axis, that it 
is compoted of homogencous parts which mu- 
tually attract each other in proportion to their 
quantities of matter; if its impulfive motion 

had been communicated in a dire@tion perpen- 
dicular to its furface, it would neceflarily have 
aflumed the figure of a perfect fphere: But, 
having been ftruck obliquely, it moved round 
its axis at the inftant it received its figure; and, 
from the combination of the projedile force 
and that of attraction, there refulted a fpheroid 
figure, more elevated at the equator than at the 
at becaufe the centrifugal force, arifing from 
the diurnal rotation of the earth, muft diminifh 
the action of gravity, or that power which makes 
all the parts tend to the'centre. Thus the earth, 
being compofed of homogeneous parts, and ha- 
ving been endowed with a rotatory motion, 
muft neceflarily have aflumed a fpheroidal fi- 
gure, the two axes of which differ from each 
other by-a 230th part. To fhow that this is the 
real figure of the earth, we need not have re- 
courfe to hypothefes ; itis capable of the cleareft _ 
demonftration. : The laws of gravitation are 
well known: That bodies‘ attra&t.each other” 
direGtly 
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dire@ly as their quantities of matter, and in- 
verfely as the fquares of their diftances, admits 

not of adoubt. It can as little be doubted, that 
_the total action of any body is compofed of all 
the particular actions of its parts. 

The parts of bodies are all mutually attraéted 
in the above proportion ; and all thefe attrac- 
tions, when the body has no rotation, neceflariz. 
ly produce a fphere, and a fpheroid, when the 
body is endowed with a rotatory motion, This 
fpheroïd is more or lefs flattened at the poles in 
proportion to the quicknefs of the diurnal mo- 
tion ; and the earth, in confequence of the ce- 
lerity of its rotation, and the mutual attra@ion 
of its parts, has afflumed the figure of a fphe- 
roid, of which the two axes are to one another 
as 229 to 230. 

Thus the earth, at the time of its formation, 
from the original conflitution and homogeneity 
of its parts, and independent of every hypothe- 
fis derived from the dire@ion of gravity, took 
the figure of a fpheroid ; and, from the known 
laws of mechanics, its equatorial diameter was 
neceflarily elevated about fix leagues and a half 
more than its poles. 

~T thall dwell the longer on this article, be- 
caufe there are fome gcometers, who, from 4 
fyftem of philofophy they have adopted, and 
from a fuppofed dire@ion of gravity, {till ima- 
gine that the figure of the earth depends upon 
theory. The frft: thing to be demonftrated is 
hon B33 the 
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the mutual attraction of the parts of matter ; 
and the fecond, the homogeneity of the terres 
ftrial globe, When thefe two facts are clearly. 
proved, there will be no occafion to have re- 
courfe to any theory derived from the direëtion 
of gravity ; becaufe the earth’s figure, in this 
cafe, muft neceflarily be as Newton determined 
at; us all the other figures afligned to it, in 
*confequence of vortexes, sabre other hypothe 
can have no exiftence. 

It will not be doubted, even by the moft ins 
credulous, that the planets are retained in their 
orbits by the power of gravity. The fatellites 
of Saturn gravitate towards that planet, thofe of 


_Jupiter towards Jupiter ; the moon gravitates 


towards the earth ; and Saturn, Jupiter, Mars, 
the Earth, Venus, and Mercury, gravitate to- 
wards the fun. In the fame manner, Saturn,_ 
Jupiter, and the Earth, gravitate towards their 
refpectivé fatellites, and the fun gravitates to- 
wards the whole planets. Gravitation is there- 


. fore a general law, by which the whole planetary 


fyftem is mutually affeted; for aGtion cannot 
exift without re-aGtion. This mutual attraction 
of the planets is the law which regulates all their 
motions ; and its exiftence is demonftrated by . 
its effects. When Saturn and Jupiter are in con- 
jundion, their mutual attraction produces an ir- 
regularity in their motion round the fun, The 
earth and the moon, alfo, mutually attraét each 
bthier ; but the irregularities in the moon’s mo- : 
tion 
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‘tion proceed principally from the attraction of 
the fun ; and hence the fun, the earth, and the 
moon, mutually act upon each other. Now, the 
reciprocal attraction of the planets, when the 
diftances are equal, is proportioned to their quan- 
tities of matter; and the fame power of gravi- 
ty, which makes heavy bodies fall to the earth, 
and which extends as far as the moon, ‘is like- 
wife in proportion to the quantity of matter: 
The total gravity of a planet, therefore, is com- 
pofed of the gravity of all its parts: Hence all 
the parts of matter, whether in the earth or pla- 
nets, mutually attract each other; and, of courfe, 
the rotation of the earth round its axis muft 
neceflarily have beftowed on it the figure of a 
{fpheroid, the axes of which are as 229 to 230, 
But the direGtion of gravity muft be perpendicular 
to the earth’s furface; and, confequently, unlefs 
the general and mutual attraction of the parts of 
matter be denied, no hypothefis derived from 
the direction of gravity can have any folid foun- 
dation. But this mutual attraction, as we have 
feen, is demonftrated by a@ual obfervation ; 
and the experiments made by pendulums prove 
its univerfal extenfion.. No hypothefis, there- | 
fore, founded on the direction of gravity, can 
be admitted, without contradidting both reafon 

and experience. | 
Let us now examine whether the parts com- 
poling the terreftrial globe be homogeneous. I 
acknowledge, that, if the globe be fuppofed to 
confift 
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confift of parts differing in denfity, the direction 
of gravity would be different from that we have 
affigned, and that the earth’s figure would vary 
according tothe different {uppofitions which might 
be made concerning the direction of gravity. 
But, why make fuppofitions of this kind? Why, 
for example, do we fuppofe the parts near the 
centre to be more denfe than thofe more diftant 
from it? Are not all the particles which compofe 
the globe united by their mutual attra@ion ? 
Every particle, therefore, is a centre; and there 
is no reafon to believe that the parts which fur- 
round the centre are denfer than thofe which 
furround any other point. Befides, if any con- 
fiderable part of the earth were more denfe than 
another, the axis of rotation would approach 
nearer that part, and create an inequality in the 
diurnal revolution of the globe: It would pro- 
duce an inequality in the apparent motion of the 
fixed ftars; they would appear to move more 
quickly or flowly in the zenith or horizon, ac- 
cording as we happened to be fituated on the 
heavy or light parts of the earth ; and the axis 
of the globe, not pafling through its centre of 
gravity, would make a perceptible change in its 
pofition. But nothing of this kind ever takes 
place. On the contrary, the diurnal revolution 
of the earth is equal and uniform. At every 
point of the earth’s furface, the ftars appear to 
move with the fame quicknefs ; ; and, if there be 
any nutation in its axis, it is too inconfiderable 

to 
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to attract obfervation. Hence it may be coh- 
cluded, that all the parts of the globe are at leaft 
nearly homogeneous. 

If the earth were hollow, the cruft of which, 
for example, exceeded not three leagues in 
thicknefs, it would give rife to the following 
phaenomena. 1, The mountains would bear fo 
great a proportion to the total thicknefs of the 
cruft, that valt irregularities in the earth’s mo- 
tion would be occafioned by the attraction of 
the.moon and of the fun: When the moon was 
in the meridian of the more elevated parts, as 
the Cordeliers, her attraction upon the whole 
globe would be much greater than when fhe 
was in the meridian of the lower parts. 2. The 
‘comparative attraction of the mountains would 
be greatly increafed ; and the experiments made 
on Mount Chimboraco in Peru, would have gi- 
ven more degrees in the deviation of the plumb 
line than they adtually gave feconds. 3. The 
weight of bodies would be greater on the tops 
of mountains than in the plains; and men would 
find themfelves more weighty, and would walk 
with more difficulty, in high than in low grounds, 
- Thefe obfervations, and many others which 
might be made, fhould convince us, that the in- 
terior parts of the earth are not hollow, but that 
they are compofed of matter of a confiderable 
denfity. | 

If, on the other hand, the earth, at the depth 
_pf two or three leagues, confilted of matter 
much 
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much denfer than that we are: acquainted with; 
upon defcending even into ordinary pits, we 
fhould find ourfelves confiderably heavier ; and 
the motion of pendulums would there be more 
accelerated than they actually are when brought 
down from a hill to a plain. Hence we may 
prefume that the interior parts of the earth con- 
fift of matter nearly fimilar to that on its fur- 
face. Of this, we will be ftill farther convinced, | 
if we confider, that the earth, at the time of its | 
original formation, when it affumed its prefent 
fpheroidal figure, was in a ftate of fufion, and, 
confequently, that all its parts were homogene- : 
ous, and nearly of equal denfity. The matter on : 
the furface, though originally the fame with that _ 
of the interior parts, has, in the revolutions of : 
time, undergone many changes from external . 
caufes; and to thefe are to be afcribed the pro- 
duction of materials fo different in their denfi- — 
ties. But, it ought to be remarked, that the 
denfeft bodies, as gold, and other metals, are | 
moft rarely to be met with ; and, confequently, 
that the greateft quantity of materials, at the 
furface, have fuffered little alteration with re- 
gard to denfity. The moft common materials, 
indeed, as fand and clay, differ fo little in denfi- 
ty, that we may conjeCture, with much proba= — 
bility, the internal parts of the earth to confift 
of a vitrified matter, the denfity of which is . 
Heaney aoe to that of fand; and, confequently, | 

that : 
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that the whole globe may be confidered as one 
homogeneous mafs. © 

But, it may be faid, that, though the earth 
were compofed of concentric beds, of different 
denfities, the equality of its diurnal motion, and 
the uniform inclination of its axis, would re- 
main equally undifturbed, as upon the fuppofi- | 
tion of its confifting wholly of homogeneous 
matter. This I allow; but I demand, at the — 
fame time, whether there be any reafon for be- 
lieving that thefe beds of different denfities 
really exift? Whether this method of folving 
difficulties be not an attempt to adjuft the works 
of nature to our own imaginations? And whe- 
ther fuppofitions, neither founded on obferva- 
tion nor analogy, ought to find admittance into 
phyfical reafoning ? | 

Hence, it is apparent, that the earth received 
its fpheroidal figure in confequence of its diurnal 
motion, and the mutual attraction of its parts ; 
that this figure neceflarily refulted from the 
globes being in a liquid ftate; that, according 
to the laws of gravity and of a centrifugal force, 
it could not poflibly afflume any other figure ; 
that, at the moment of its formation, the diffe- 
rence between its two diameters was, as at pre- 
fent, equal to a 230th part; and, of courfe, that 
all other hypothefes which make this difference 
greater or lefs, are mere fictions, and deferve 
no attention, : i : 
Perhaps 
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Perhaps it may be objected, that, if bis theo- 
ry be well founded, and ifthe proportion ofthe 
axes of the two dan be as 229 to 230, 
how came the mathematicians fent to Lapland 
and Peru to concur in making it as 174 to 175? 
Why fhould fuch a difference fubfft between 
practice and theory? And, is it not more rea- 
fonable to give the preference to atual meafure- 
ment, efpecially when executed by the ableft 
mathematicians in Europe *, and furnithed with 
all the neceflary apparatus? 

To this [ reply, that I mean not to combat 
the obfervations made at the equator, and near 
the pole; that I doubt not of their exa@nefs ; 
and that the earth may a@ually be elevated a 
175th part more at the equator than at the poles. — 
Still, however, I maintain my theory; and I 
perceive clearly how it may be reconciled to 
practice. The difference between the two con- 
clufions is about.four leagues in the two axes. 
The equatorial regions are found to have an e- 
Jevation of two leagues more than they ought to 
have by the theory. This height of two leagues : 
correfponds exactly with the greateft inequalities 
which have been produced on the furface of the 
globe by the motion of the fea, and the ation 
of fluids. Here fome illuftration is neceflary. 
At the time of the earth’s formation, in confe- 
quence of the mutual attraction of its parts, and 

of its centrifugal force, it muft have afflumed a 
{pheroidal 


* M. de Manpertuis, figure de la terre. 
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_ fpheroidal figure, with its axes different by a 
230th part. This would be the real figure of © 
the earth while it remained in a ftate ch liqui- 
faction. | But, after cooling for fome time, the — 
. rarified vapours, like thofe in the tail or atmo- 
fphere of a comet, would condenfe, and fall on 
the furface in the form of air and water; and, 
when thefe waters begin to be agitated by a flux 
and reflux, fand, and other bodies, would be 
gradually tranfported from the poles towards 
the equatorial parts. This operation, when con- 
tinued for fome time, would neceflarily fink the 
poles, and elevate the equator in the fame pro- 
portion. The furface of the earth being like- 
wife expofed to the winds, to the action of the 
air and of the fum; all thefe caufes would con- 
cur with the tides in furrowing the earth, in 
fcooping out valleys, in elevating the mountains, 
and in producing other fuperficial irregularities, 
none of which, perhaps, exceed a league in 
thicknefs, even at the equator. This inequality 
of two leagues may be fuppofed to be the great- 
eft that can take place on the furface ; for the 
higheft mountains exceed not a league in height ; 
and the moft profound parts of the ocean, it is 
probable, are not above a league in depth. Thus 
my theory perfectly ebihcides with practice. 
The earth’s equator could not, at firft, be eleva- 
ted more than fix leagues and a half above the 
poles; but the changes produced on the furface 
might give it a fill greater elevation.. Natural 
hiftory 
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hiltory wonderfully fupports this opinion ; for, 
in the preceding difcourfe, we have proved, © 
that, from the. tides and other motions of the 
Waters, have proceeded mountains, and all the 
other inequalities on the furface of the globe; 
and that, at great depths, as well as upon the 
greateft heights, bones, fhells, and other relicks 

of fea and land animals, have been difcovered. 
From what has been obferved, it may be con- 
jetured, that, in order to find primitive earth, 
and fubftances which have never been removed 
from their original ftations, we muft dig in 
countries near the poles, where the bed of un- 
moved earth will be thinner than in fouthern 

climates. eat 

In fine, if the meafurement by which the fi- 
gure of the earth was determined be ftridly 
{crutinized, we fhall find that it is not altogether 
free from hypothetical reafoning: For it pro- 
ceeded on the fuppoñtion that the earth was a 
regular curve: But, as the earth is liable to con- 
fiderable and conftant changes from a thoufand 
caufes, it is impoflible that it could have retained 
any perfectly regular figure ; and hence, agree- 
able to our theory, and the opinion of Newton, 
the poles might originally be only flattened a 
230th part.  Befides, though we have the exa@ 
length of a degree at the equator and polar 
circle, yet we have not the exa@ length of a 
degree in France; and the meafures of M. Pi- 
card have never been confirmed. It may be 
added, - 
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added; that the diminution and increafe in the. 
motion of the pendulum agree not with the con- 
clufions drawn from meafurement ; and that, on 
the contrary, they correfpond very nearly with 
the theory of Newton. Thefe circumftances tend 
farther to convince us, that the poles are not de- 
prefled above a 2 230th part; and that, if there 
be any difference, it can proceed from nothing 
but the inequalities produced on the furface by 
the waters, and other external caufes. But thefe 
inequalities are by no means fo regular as to 
juftify any hypothefis which fuppofes the meri- 
dians to be ellipfes, or any other perfe& curves, 
. Hence it appears, that, though many degrees 
fhould be fucceflively meafured in different re- 
gions, we cannot, by that alone, afcertain the 
exact depreffion of the poles, nor determine how 
much it exceeds or falls fhort of a 230th parr, 

May we not likewife conjeéture, that, if the 
inclination of the earth’s axis has been chan ed, 
this effect could not be praduced but by the 
changes on the furface, fince all the other parts 
‘are homogeneous; that this variation is, Of 
courfe, too fmall to be perceived by thane | 
mers ; and that, if the earth be not difturbed by 
a comet, or fome other external caufe, its axis 
will for ever preferve its prefent and original - 
inclination? 

Not to omit any conjecture that feems rea- 
fonable, may we not fuppofe, that, as the moun- 
tains and other inequalities on the furface of 

the 
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the earth, have originated from the adtion of 
the tides, thofe which we perceive in the moon — 
have been produced by a fimilar caufe? The 
mountains of the moon are indeed higher than 
thofe of the earth; but her tides are likewife 
‘{tronger; becaufe the earth, the fize of which is 
much larger, raifes the tides of the moon with 
a fuperior force. This effect would be great- 
ly augmented, if the moon, like the earth, had 
a quick diurnal motion. But, as the moon uni- 
formly prefents the fame face to the earth, the 
tides are raifed only in proportion to the mo- 
tion occafioned by her librations, which alter- 
nately expofe to our view a {mall fegment of 
her other hemifphere. This caufe, however, 
muft produce tides very different from thofe of 
our feas; and their effects will, of courfe, be 
much Jefs confiderable, than if the moon had 
pofleffed a diurnal revolution round her axis, 
equally quick as the rotation of the earth. 

[ fhould ccmpofe a volume equal to that of 
Burnet or Whitton, were I to extend the ideas 
prefented by the ieee theory; and were I, in 
imitation of the laft mentioned author, to clothe 
them in a geometrical drefs, I might add confi- 
derably to theirimportance. But I have always 
thought, that hypothefes, however probable, de-_ 
ferve not to be treated fo pompoufly. It is apt to 
give them the air of quackery and impofition. 
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Of the Syfem of Whifton *. 


THIS author begins his theory with a dif. 
fertation on the creation of the world. 
_ He alledges, that the account given of it by 
Mofes is not properly underftood ; and that, in 
inquiries of this kind, men, contenting them- 
{elves with the moft evident and fuperficial views, 
give too little of their attention to nature, rea- 
fon, and philofophy. The common notions, — 
he obferves, concerning the fix days work, are 
 falfe; and the defcription of Mofes is not an 
exact or philofophic account of the creation and 
origin of the univerfe, but only an hiftorical 
Vou. I. G narrative 


* See a new theory of the Earth by Will. Whitton, London, | 
3708. 
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narrative of the formation of the terreftrial globe, 
The earth, in his eftimation, formerly exifted 
in Chaos. ahd. at the time mentioned by Mofes, 
it only received a form, fituation, and confift- 
ence, neceflary for the habitation of mankind. I 
fhall not give a detail of Whifton’s proofs, nor 
enter upon 3 formal refutation of them, but 
content myfelf with a fhort view of his theory, 
which will fhow it to be contrary to the ferip- 
tures, and, of courfe, that his proofs muft be 
falfe. Befides, he treats this matter more like a 
polemical divine than a philofopher: 

Leaving thefe falfe principles, he proceeds to 
fome ingenious notions, which, though fingu- 
Jar, will not, to thofe who are influenced by the | 
enthufiafm of fyftem, appear to be deftitute of 
probability. He tells us, that the antient Chaos, 
from which the earth originated, was the at- 
mofphere of a comet; that the annual motion 
of the earth began when it received ‘its new 
form; but that its diurnal motion commenced 
not tl fl the fall of Adam; that the ecliptic cut 
the tropic of Cancer in a point precifely oppo-. 
fite to Paradife, which was fituated on the north- 
weft frontier of Affyria ; that, before the de- 
luge, the year began at the autumnal equinox, 
and that the orbits of the earth and planets were: 
then perfect circles; that the deluge commen- 
ced on the réth on November, in the year of 
the Julian period 2365, or 2349 before Chrift ; 
that, previous to the poles the fol lar and lunar 

year | | 
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year were the fame, and confifted exactly of 360 — 
days; that a comet, defcending in the plane of 
the ecliptié to its perihelion, on the very day that 
the deluge began, made a near approach to the 
earth; that there is a great heat in the bowels 
of the earth, which is conftantly expanding 

from the centre to the circumference; that the 
figure of the earth refembles an egg; that the 

mountains are the lighteft parts of the globe, 

&c. He then attributes to the deluge all the 
changes the earth has undergone, blindly adopts 
_Woodward’s theory, ufes indifcriminately all 

_ that author’s remarks on the prefent flate of the 
earth; but affumes more the air of an original, 
when he treats of its future condition. The 
earth, fays Mr Whitton, will be conftimed by 
fire; and its deftru@ion will be preceded by 
earthquakes, thunder, and hideous meteors; the 
fun and moon will affame a dreadful afpect; the 
heavens will feem to fall; and the whole earth 
- will be in flames. But, after the fire fhall have 
devouted every impurity of this globe, and vi- 
trified and rendered it tranfparent as the pureft 
cryftal, the faints and fpirits of the bleffed fhail 
take poffeffion of it, and there remain till the 
general yudoment, | Are 

This hypothefis appears, at firft view, to be 

extravagant and fantaftical. But the author has _ 
_ managed his ideas with fuch dexterity, and pla- 
ced them in fo {trong a light, that they no long- 
erhave the air of abfolute chimeras. He has 
| Ga adorned 
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adorned his fubjeét with much fcience and in- ! 
genuity: And it is aftonifhing, that, from fuch 
a medley of ftrange notions, he fhould have 
been able to. compofe a fyftem fo plaufible. But . 
it is not to the vulgar that it has this brilliant 
appearance;, the learned are more eafily de- 
ceived by. the glare of erudition, and the force 
of new ideas. Mr Whifton was a celebrated a- : 
ftronomer. Accuftomed to contemplate the hea- 
vens, to meafure the motions of the flars, and to | 
canter the great phaenomena of nature, he 
could never imagine that this grain of fand, 
which we inhabit, occupied more the attention 
of its Creator than the univerfe, which contains, « 
in thé vaft regions of fpace, millions of other 3 
funs and other worlds. He alledges, that Mofes $ 
has not given us the hiftory of the firft creation ! 
of this globe, but only a detail of thofe circum- * 
ftances which attended its receiving a form fit : 
for the habitation of men, when the Almighty 
transformed it from the ftate of a comet to that 
ofa planet, Comets, owing to the eccentricity 
of their orbits, are fabied to dreadful viciffi- 
tudes: Sometimes, like that of 1680, they are ! 
a thoufand times hotter than melted iron, and 
fometimes a thoufand times colder dan ice: 
They cannot, therefore, furnifh habitation to 
any creatures ‘Of which we can form a concep- 
tion; or rather, they are altogether uninhabi- | 
Fable | 


The | 
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The planéts, on the contrary, are tranquil bo- 
dies; their, diftances from the fun vary but 
little ; and.their temperature continues fo nearly 
the frie that it permits plants and animals to 
grow and to multiply. 

In the beginning, fays Mr Whitton, God 
created the univerfe; but the earth was then an 
uninhabitable comet, and fubje& to fuch alter- 

nate extremes of cold and heat, that its matter, 

being fometimes liquified and prea frozen, 
was in the form of a chaos, or an abyis, fur- 
rounded with utter darknefs: And darknefs co- 
vered the face of the deep. This chaos was the 

atmofphere of the comet, a body compofed of 
heterogeneous materials, having its centre oc- 
cupied with a globular, folid, hot nucleus, of 
about 2000 leagues in diameter, round. which 
was an extenfive mafs of a thick fluid, mixed 
with heterogeneous and undigefted materials, 
like the chaos of the antients, rudis indige/- 

taque moles, This great atmofphere contained 
few dry, folid, or earthy-particles, and {till lefs 

of water or air; but it was amply filled with 
thick and taie fluids, mixed, agitated, and. 
jumbled together in the utmoft confufion. Such 

was the condition of the earth when fix days 
old: But, next day, that is, on the firft day of 
the creation, when the eccentric orbit of the 

comet was changed into an ellipfe, nearly cir- 
cular, every thing aflumed its proper place; the 
_ different materials arranged themfelves accor- 
G 3 ding | 
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ding to their fpecific gravities; the heavy fluids 


funk down, and left to the earthy, watery, and 


aerial (ififiamens the fuperior regions, Thefe 
alfo defcended in the order of their gravities; 


firft the earth, then the water, and, lafily, they 


air. Inthis manner, the immenfe volume of 


chaos was reduced to a moderate {phere; the — 


centre of which is a folid body that {till retains 
the heat it received from the fun, when former- 
ly the nucleus of a comet. This heat may eafily 
laft 6000 years, fince the comet 1680 would re- 
quire 50,000 before it cooled. Round the fo- 
lid and burning nucleus, at the centre of the 
earth, is placed the heavy fluid which defeended 
firft, and formed the great abyfs, upon which 


the earth floats like a cork on quick-filver. But, 


as the earthy parts were originally mixed with à 
great body of water, they, in defcending, drove 
before them a part of this water, which was 
confined there when the éarth confolidated, and 


formed a ftratum concentric with the heavy — 


fluid that furrounds the nucleus. Thus, the 


great aby({s is compofed of two coniceñtric circles) | 


the interior being a heavy fluid, andthe fupe- 
rior water, upon which laft the éarth 3 is 1mme= 
diately founded. From this admirable arranges 


ment, produced by the atmofphere of a comet 


are to be deduced the theory of the earth, and 
an explication of all its phaenomena ! 


After the atmofphere of the comet had been : i 


freed from thé folid and earthy particles, a pure | 


air M 


ie 
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air only remained, through which the rays of 
the fun inftantly penetrated, and produced light: 
Let there be ght; and there was light, The : 
vaft columns or beds of which the earth is com- 
. poled, being formed with fo much precipitation, 
is the reafon why they differ fo much in denfity ; 
the heavier funk deeper into the abyfs than the 
lighter, and, of courfe, gave rife to mountains 
and valleys: Thefe inequalities, before the de- 
luge, were differently fituated from what they 
are at prefent. Inftead of that vaft valley which 
contains the ocean, many {mall caverns were 
difperfed over the globe, each of which contain- 
ed a part of the waters. The mountains were 
then at greater diftances, and formed not large 
chains. But the earth was a thoufand times 
more fertile, and contained a thoufand times 
more inhabitants; and the life of man, and of 
the other animals, was ten times longer. All 
thefe effets were produced by the fuperior heat 
. of the central fire, which gave birth to a great- 
er number of plants and animals, and, at the 
fame time, beftowed on them a degree of vigour 
that enabled them to exift long, and to multi- 
ply abundantly. But this heat had a miferable 
effect upon the difpofitions of men and other 
animals : It augmented the paflions, robbed man 
of his innocence, and diminithed the fagacity of 
the brute creation. All creatures, except the 
fithes, who inhabited a colder element, felt the 
iétice of the erate heat, became vicious, 
and 
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and merited death. -This univerfal death was 
accordingly infliéted, on Wednefday the 28th 
day of November, by a dreadful deluge, which 
lafted 40 days and 40 nights, and was occa 
fioned by the tail of a comet meeting with the , 
earth, in returning from its perihelion. 

The tail of a comet is the lighteft part of its 
atmofphere. It is a tranfparent and fubtile va- 
pour raifed by the heat of the fun from the bo- 
dy of the comet. This vapour, which is com- 
pofed of; aerial and watery particles extremely 
rarified, follows the comet in its defcent to. its 
perihelion, and goes before the comet in its a- 

cent, its fituation being always oppofite to the 
fun, as if it had an afledion for the fhade, and 
wifhed to avoid the fcorching rays of the fun. 
This column of vapour is often of an im- 
menfe extent; and its Iength always increafes 
in proportion as the comet approaches nearer 
the fun. Now, as many comets defcend below 
the annual orbit of the earth, it is not furprifing 
that the carth fhould fometimes be involved in 
this vapour. This dreadful event happened at 
the time of the deluge. The tail, of a comet, 
in two hours, will difcharge a quantity of water 
equal to that contained in the whole ocean. In 
fine, this tail is: what Mofes calls the cataraéts. 
of heaven: dud the cataracts of heaven were 
“opened. The globe of the earth, when it meets 
with a comet’s tail, muft neceffarily, in its paf- 
fage through this body of vapour, appropriate 
fie | PER DATE 
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part of its materials. Every thing that comes 
within the {phere of the earth’s attration mutt 
fall upon it, and muft fall in the form of va- 
pour, fince the tail itfelf principally confifts of 
that element. In this manner, rain may come 
from the heavens in fuch torrents, as to produce 
an univerfal deluge, and to finoune the tops 
of the higheft mountains. 

Our author, however, unwilling to go beyond 
the letter of the facred writings, Hives not afcribe 
the deluge to this rain alone, which he has cho: 
{en to bring from fo-great a diftance. He takes 
advantage of water wherever he can find it: 
The great abyfs, as we have feen, contains à 
confiderable quantity. The earth, in its approach 
towards the comet, would feél the force of its 
attraction; the waters in the great abyfs would 
be fo agitated with a motion fimilar to that of 
the tides, as would neceflarily break the fhell or 
eruft in many places, and make the water rufh — 
out upon the furface: And the «Hg of the 
abyfs were opened. 

But how, it may be afked, was this vaft col- 
lection of water, fo liberally furnifhed by the - 
great abyfs, and by the comet’s tail, afterwards 

_difpofed of ? Our author is not edbatvated by 

this circumftance. ‘As foon as the earth efcaped 
from the comet, the flux and reflux of the great 
abyfs neceflarily ceafed. From that moment, the 
waters on the furface rufhed down with vio- 

Jence by the fame channels out of which they 

had 
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| (is 
had iffued. The great abyfs fwallowed up not 
only its own water, but all that had been depo- 
~ fited by the comet, which it was fufficiently en- 
abled to contain ; becaufe, during its agitation, 
and when it broke the cruft, it had greatly en- 
larged its dimenfions, by puthing the earth far- 
ther from it on all fides. It was at this time, 
likewife, that the earth, which was formerly a 
{phere; aflumed its elliptical figure. This effe@ ! 
was produced by the centrifugal force occañon- 
ed by the diurnal motion of the earth, and by 
the attraction of the comet; for the earth, when 
pafiing through the tail of the comet, was fo fi- 
tuated, that its equatorial parts were neareft that 
ftar; and, of courfe, the power of the comet’s 
attraCtion, concurring with the earth’s centrifu- 
gal force, elevated the equatorial regions with 
the greater facility, becaufe the cruft was broken — 
in an infinite number of places, and becaufe the _ 
flux and reflux of the abyfs pufhed more vio- : 
lently againft the equator than any where elfe.. 
This is the hiftory Mr Whifton gives of the ! 
creation, of the caufes of the univerfal deluge, … 
of the longevity of thé Antedeluvians, and of. 
the figure of the earth, All thefe-difficuit fub- ! 
jects feem to have given our author very little : 
trouble. But he appears to be greatly puzzled — 
concerning Noah’s ark.. In that dreadful confu- — 
_ fion, produced by the conjun@ion of the tail of — 
a comet, and by the waters of the great abyls, « 
and in that horrible. period, -when :not only i 
| | *,. the® 
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the elements of this globe: were confounded; 
but when the heavens concurred with the! Hits 
els of the earth in producing new elements to 
increafe the chaos, how is into be imagined that 
the ark could float tranquilly, with its nume- 
rous and valuable cargo, upomthe durface of the 
waves? Hefe our author Rruggles hard, im or= 
der to account for-the. prefervation of the ark; 
But, as his reafoning upon this fubjeét appears 
to be inconclufive, ill-imagined, and heterodox, 
I fhall only obferve how hard it is for a man, 
who had explained objects fo great and furpri- 
fing, without having recourfe to a fupernatural 
power, to be ftopped in his career by a trifling 
circumftance, But he choofes to rifk drowning 
himfelf along with the ark, rather than to a- 
fcribe the prefervation of this precious velfel to 
the interpoñtion of the Almighty ! 

I fhall only make a fingle remark upon this 
fyftem, of which I have given a faithful abridge- 
ment. Whenever men are fo prefumptuous as 
to attempt a phyfical explanation of theological 
truths ; whenever they allow themfelves to in- 
terpret the facred text by views purely hu= 
man; whenever they reafon concerning the will 
of the Deity, and the execution of his decrees ; 
they muft neceffarily involve themfelves in ob- 
{curity, and tumble into a chaos of confufion, 
like the author of this whimfical meee which, 
notwithftanding all its abfurdities, has been re- 
| | 7 ceived 
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ceived with great applaufe. Mr Whifton nei- © 


ther doubted of the truth of the deluge, nor of 
the authenticity of the facred writings, But, as 
phylics and aftronomy occupied his principal 


attention, he miftook paflages of holy writ for 


phyfical fa@s, and for refults of aftronomical 
obfervations ; and fo ftrangely jumbled divinity 


with human fcience, that he has given birth to. 


the moft extraordinary fyftem that perhaps ever 
did or ever will appear. 
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Of Burnet’s Theory * 


! 


1 R BurRNET is the firft author who difco- 
& vered enlarged views of the prefent fub- 
lice and who treated of it in a fyftematic manner. 
He was a man of genius and of tafte: His work 
acquired great reputation, and was, of courfe, 
criticifed by many of the learned, and, among 
others, by Mr Keaill, who, fcrutinizing the fub- 
ject as a geometer, demonftrated the errors of 
Burnet’s theory in a treatife entitled, dn exami- 
nation of the Theory of the Earth. Mr Keill 
likewife refuted the fyftem of Whifton ; but he 
treated the latter in a manner very dite 
from the former. He even appears, in many 


* particulars, 


* Thomas Burnet. Telluris theoria facra, orbis noftri O- 
riginem et mutationes generales, quas aut jam fubiit, aut 
elim saeeronte: eft, complectens, Londini 1681. 
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particulars, to adopt the opinions of Whifton ; 
-and confiders the notion, that the deluge was 
occafioned by the tail of a comet, as exceeding- 
ly probable. But, to return to Burnet: His book 
is written with elegance. He knows how to 
paint the grandeft images and the moft magni- 
ficent fcenes. His plan is elevated ; but, being 
defective in proper materials, he often fails in 
the execution. His reafonings and his proofs 
are feeble; but the boldnefs with which he 
writes makes the reader lofe fight of all his im- 
perfections. © pa 

He begins with alledging, that the earth, be- 
fore the deluge, was very different from what 
itis now. It was at firft, fays he, a fluid mafs, 
compofed of matters of every fpecies, and of all 
kinds of figures, the heavieft of which defcend= 
ed to the centre, and formed a hard and folid 
body. The waters took their ftation round this 
body; and all lighter fluids rofe above the water, 
Thus, between the coat-of air, and that of water, 
a coat of oily matter was interpofed. But, as 
the air was then full of impurities, and contain- 
ed great quantities of-earthy particles, thefe gras : 
cually fubfided upon the coat of ftratum of oil, 
and formed a cruft compofed of earth and oil : 
This cruft was the firft habitable part of the earth, 
and the firft abode of man and other animals, _ 
The Jand thus formed was light, fat, and a= 
dapted to cherifh the tendernefs of the origi- 
nal germs, The furface of the earth was level 


and 
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and uniform, without mountaitis, feas, or other 
inequalities, But it remained in this flate about 
fixteen centuries only ; for the heat of the fun 
gradually drying the cruft, produced, ‘at firft, 
duperficial fiffures or cracks only ; but, in pro- 
cefs of time, thefe fiffures penetrated deeper, and 
increafed fo much in their dimenfions, that, at 
lait, they entirely perforated the cruft. In an 
inftant, the whole earth fplit in pieces, arid fell 
into the great aby{s of waters which it formerly 
furrounded. This:wonderful event was the u- 
niverial deluge. | 

But all thefe maffes of earth, in falling into 
the abyfs, carried along with them vaft quanti- 
ties of air, and they dafhed againit each other, 
and accumulated and divided fo irregularly, that 
great cavities filled with air were left between 
them. The waters gradually opened patlages 
into thefe cavities, and; in proportion as the ca- 
vities were filled with the water, the furface of 
the earth began to difcover itfelf in the mot e- 
levated places; and, at laft, the waters appeared 
no where but in thofe extenfive valleys which 
contain the ocean. Thus our ocean is a part of | 
the antient abyfs ; the reft of it remains in the 
internal cavities, with which the fea has ftill a 
communication, Iflands and fea-rocks are the 
{mall fragments, and continents are the large 
mafles of the antient cruft. As both the rupture 
and fall of this cruft were effected in a fudden 
and confufed manner, it is not furprifing that 

5, the 


/ 
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the furface of the prefent earth fhould be full 
of mountains, gulfs, plains, and irregularities — 


of every kind, 


This fpecimen is fufficient to give an idea of ; 


Burnet’s fyftem. It is an elegant romance, a 


book which may be read for A but : 
cannot convey any inftruGtion. The author was « 


ignorant of the chief phaenomena of the earth, 


and a man of no obfervation. He has frites | 
every thing from imagination, which often a@s_ 


both againft truth and reafon, 


PROOFS 


Se ee, ee ee 


OF THE 
THEORY or tue EARTH. 
meat cry: a 
| Of the Syftem of Woadungrg we 


F this author, it may be faid, that he want- 

ed to build an immenfe edifice upon a 
foundation lefs frm than fand, and to conftruét 
a world with duft ; for he re that the earth, 
at the time of the deluge, fuffered a total diffo- 
lution, In perufing his book, the firft idea which 
prefents itfelf is, that this diflolution was effected 
by the waters of the great abyfs. He alledges, 
that, atthe command of God, the abyfs fudden- 
ly opened, and diffufed fuch an enormous quan- 
_tity of water on the furface, as was fufficient 
to cover the tops of the higheft mountains; and 
Vou. I, H _ that 


* An Effay towards the Natural Hiftory of the Earth, by 
John Woodward. 
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that God fufpended the law of cohefion, which 
inftantly reduced every folid fubftance into a 
powder, &c: He did not confider, that, by 


thefe fuppofitions, he added to the miracle of | 


the univerfal eee 4 other Selon. or, 
neither ae the rates nor with the prin- 
ciples of mathematics and of natural philofophy. 
But as this author has the merit of colleting 
many important obfervations, and as he knew 
better than any former writer the materials of 
which the globe is compofed, his fyftem, though 
ill conceived, and worfe arranged, has feduced, 
by the luftre of a few flriking facts, many weak 
men into a belief of his Aa conclufions. 
We thall now give a fhort view of his theo- 
ry, by which we will be enabled to do juftice to 


the merit of the author, and put the reader in ! 


a condition to judge of the futility of his fy{- 
tem, and of the falfhood of fome of his remarks. 


Mr Woodward informs us,, that he recognifed 4 


with his own. eyes all the materials of which 
the earth in England is compofed, fromthe À fur- 
face to the noue depths that had been dug ; ; 
that they were all difpofed in beds, or ftrata; 


and that, in many of thefe beds, there are thel Hs 
and other produdtions of the fea. ‘ He then | 
adds, that he was affured by his friends and cor- ! 
refpondents, that, in all the other countries of the | 


world, the earth was éompofed of the fame ma- # 
terials; and that thells are found, not only in the ! 


plains, | 


ri 
2° 
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plains, and in fome particular parts, but on the 
higheft mountains, in the deepeft pits, and in an 
infinite number of different places. He obferved, 
that the beds were all horizontal, and placed o- 
ver each other, like matters tranfported by the 
waters, and depolited in the form of fediment. 
Thefe general remarks, which are founded in 
truth, are followed with fome: particular obfer- 
vations, by which he demonftrates, that the fot 
fil fhells incorporated with the ftrata are real fea- 
fhells, and not peculiar minerals, or lufus natu- 
rae, Sze. | Seer 

To thefe obfervations, though partly made 
before him, ‘he has added others of a more fuf- 
picious nature. He aflerts, that the materials of 
the different ftrata are arranged according to 
their fpecific gravities. This affertion is not 
confiftent with truth: For we every day fee 
folid rocks placed above clay, fand, pit-coal, bit 
tumen, and other comparatively light bodies, 
_ If, indeed, it were uniformly found, through 
… the whole earth, that the upper flratum was bi- 
tumen, followed fucceflively by ftrata of chalk, 
marl, clay, fand, ftone, marble, and metals, 
4t would, in that cafe, be probable that all thofe 
| materials had been precipitated at once: And 
this our author affirms with confidence, though 
the moft fuperficial obferver needs only his eyes 
_ to convince him, that heavy ftrata are often 
found above light ones ; and, confequently, that 
_thefe fediments could not be depofited at the 
_fame time, but muft have been tranfported and 
abe 2 depofited 
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depofited by the ocean at fucceffive periods. As. 


this is the foundation of Woodward’s fyftem, 
and is manifeftly falfe, we fhall follow him no 
farther than to fhow how an erroneous prin- 
ciple produces falfe relations, and bad conclu- 
fions, 


our author, from the tops of the higheft moun- 
tains to the deepeft mines, are placed according 


to their refpe“tive fpecific gravities. Hence, he. 


concludes, the whole muft have been in a flate 
of diflolution, and precipitated at the fame time. 


But at what time, in what menftruum, was It 


diflolved ? In the water, fays Mr Woodward, 
and at the:time of the deluge. But there 1s not 


water enough on the globe to produce this ef-. 


fect ; for there is more earth than water ; ‘and 
the bottom of the fea itfelf is earth. Very well, 
he replies: But there is enough of water in the 
central parts of the earth; and nothing more 
was wanting than to beftow on it the power of 
diffolving every terreftrial fubftance, except fea- 


fhells ; to find a proper method of making the 


waters return to the abyfs; and to make all 


this correfpond with the hiftory of the deluge, ? 


All the ftrata which compofe the earth, se 


Behold a fyftem, of which the author could # 


not prevail on himfelf to form a doubt ; for, 


when it was objected to him, that water could, 
not diflolve water, rocks, and metals, efpeci- À 
ally in forty days, the time of the waters re" 


maining on the earth; he replied fimply, that À 
the event, however, did happen, When it was 
| demanded” 
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| demanded of him, how the waters of the abyfs 
could diflolve the whole earth, and yet preferve 
the fhells ? He anfwered, that he never proved 
that this water was a diflolvent ; but that, from 
facts, it was clear that the earth had been dif- 
folved, and that the fhells were preferved, Laft- 
ly, When it was demonftrated to him, that his 
fyftem was ufelefs, as it was neither stots 
by reafon nor by facts; he faid, We had only to 
_ fuppofe that, at the time of the deluge, the laws 
of gravity and of cohefion were fuddenly ftop- 
ped, and, upon this fuppofition, the diffolution 
of the ancient world admitted of an eafy expla- 
nation, But, it was obferved to him, if the force 
of cohefion was fufpended, Why were not the 
fhells diflolved along with the reft? Here he pavé. 
a harangue on the organization of fhells and of 
_ animal bones, tending to prove that their tex- 
ture was fibraus, and different from that of mi- 
nerals ; that their cohefion was likewife differ- 
ent ; and that, after all, we have only to fuppofe 
that the powers of gravity and of cohefion did 
not entirely ceafe, but that they were diminifhed 
to fuch a degree, as enabled them to diffolve the 
parts of minerals, but not thofe of animals, I 
fhall conclude with remarking, that our author’s 
| philofophy was not equal to his talent for obfer- 
vation ; it is therefore unneceflary to give a for~ 
mal refatation of abfurd notions, efpecially when 
they proceed upon conjectures which are con= 
trary both to the laws of probabili ity and of me- 
chanics, 3 


H 3. PROOFS 


i 


OF THE: 
THEORY orrne EARTH. 
À RUE COLE: Vi 


Examination of fame other Syflems. 


re HE three hypothefes formerly animad- 

verted upon have many things in com- 
mon: They all agree in this, that, at the time 
of the deluge, both the external and internal 
form of the earth was changed. But none of thefe | 
theorifts confidered, that the earth, before the de- . 
luge, was inhabited by the fame fpecies of men 
and animals; and,confequently, that it muft have : 


“been nearly the fame, both infigure and ftructure, 


as it is at prefent. We are informed by the facred 
writings, that, before the deluge, there were ri- 
vers, feas, mountains, and forefts ; that moft of. 
thefe mountains and rivers remained nearly in 
their former fituation ; the Tigris and Euphrates, © 

| for 
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for example, ran through Paradife ; that the Ar- 
menian mountain on which the ark refted, was, 
at the deluge, one of the higheft mountains of 
the earth, as it is at this day ; and that the fame 
plants and the fame animals, which inhabited the 
earth before the deluge, continue fill to exift ; 
for we are told of the Sfapisite’ of the crow, sa 
of the pigeon that carried the olive-branch into — 
the ark. Tournefort indeed alledges, that there 
ate no olives within 400 leagués of Mount Ara- 
ret, and afleéts to be witty on this head. It is, © 
however, indifputable, that there were olives in 
. the neighbourhood of this mountain at the time 


SG of the deluge; for Mofes aflures us of the fa 


in the moft édpref manner. Befides, it is not 
furprifing, that, in the courte of 4000 years, the 
olives fhould e extirpated in thefe provinces, 
and multiplied in others. It i 16, therefore, con- 
trary both to fcripture and reafon, that thefe au- 
thors have fuppofed the earth, nt the del luge, 
to have been totally different from what it is 
now ; and this oppolition between their hypo- - 
thefes and the facred writings, ‘as well as found 
philofophy, i is fufficient to dienedit their fyftems, 
although they fhould correfpond with fome 
phaenomena*. ,Burnet, who wrote firf, gives 
neither faéts nor obfervations in fupport of his 
fyftem. Woodward’s book is only a fhort ef- 
fay, in which he promifes much more than he 
was able to perform; it is only a project, with- 

px atin , out 

_# See Voyage du Levant, vol. ii. p. 336. 
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out any degree of execution. He makes ufe of À 
two general remarks, 1. That the earth is every 
where compofed of materials which had for- 
merly been in a ftate of fluidity, and which had 
been depofited by the waters in horizontal beds. 
2, That, in the bowels of many parts of the 
earth, there are an infinite number of fea-bodies, : 
To account for thefe facts, he has recourfe to 
the univerfal deluge; or rather, he appears to 
employ thefe as proofs of the deluge. But, like 
Burnet, he falls into evident contradictions ; for 
it is abfurd to fuppofe, with thefe authors, that, 
before the deluge, there were no mountains, 
fince we are exprefsly told, that the waters rofe 
15 cubits above the tops af the higheft moun- 
tains. On the other hand, -it is not faid that 
the waters deftroyed or diflolved the mountains. 
In place of this extraordinary diffolution, the 
mountains remained firm in their original fruas 
tions, and the ark refted upon the one which 
was firft deferted by the waters. Befides, it is 
impoihble to imagine, that, during the fhort : 
time the deluge continued, the waters could dif. : 
folve the mountains, and the whole fabric of the 
earth. Is it not ab fil to fuppofe, that, in the 
fpace of forty days, the hardeft rocks quil mine- 
rals were diflolved by fimple water? Is it not — 
a manifeft contradiction to admit this total dif= 
folution, and yet to maintain that fhells, bones, 
and other produëtions of the fea, were able to 
eh a menftruum to © which the moft told ma- 
- terials — 
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terials had yielded? Upon the whole, [ cannot 
hefitate in pronouncing, that Woodward, though 
furnifhed with excellent facts and obfervations, 
has produced but a weak and inconfiftent theory. 

Whifton, who wrote laft, has greatly im- 
proved upon the other two; and, though he 
has given loofe reins to his imagination, it can- 
not be faid that he falls into contradiétion.. He 
advances many things which are incredible; but 
they are neither abfolutely nor apparently im- 
poflible. As we are ignorant of what materials 
the centre of the earth is compofed, he thinks 
_ himfelf entitled to fuppofe it a folid nucleus, 
 furrounded with a ring of heavy fluid matter, 


and then follows a ring of water, upon which — - 


the external cruft is fupported. in this ring of 
water, the different parts of the cruft funk more 
or lefs in proportion to their gravities, and gave 
rife to mountains and inequalities on the furface 

of the earth. But our aflronomer here commits 
_a blunder in mechanics. He confidered not, 
that the earth, on this fuppofition, muft have 
formed ‘one uniform arch ; and, confequently, 
that it could not be fupported by the water, and _ 
far lefs could any part of this arch fink deeper 
than another. If this be excepted, F doubt whe- 
ther he has fallen into any other phyfical blun- 
der : He has, however, committed many errors 
both in metaphyfics and theology. In fine, it 
cannot be denied abfolutely, that the earth, in 
_ ‘meeting with the tail of a comet, would be de- 
luged, 
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luged, efpecially if it be allowed to the author, | 
that the tails of comets contain watery vapours. 
_ Neither is it abfolutely impoflible, that the tail ! 
of a comet, in returning from its perihelion, — 
fhould burn the earth, if we fuppofe, with Mr 
Whifton, that the comet paffed very near the 
fun’s bud: The fame obfervations may be made 
upon the reft of his fyftem. But, though his 
notions be not abfolutely impoffible, when ta- 
ken feparately, they are fo exceedingly impro- 
bable, that the whole affemblage may be regard- _ 
ed as exceeding the bounds of human credulity. 
‘Thefe three are not the only books which have * 
been written upon the theory of the earth, In 
1729, M, Bourguet publifhed, along with his = 
Philofphical Letters onthe formation of Salts, dc. 
a memoir, in which he gives a fpecimen of a * 
fyftem which he had projeted ; but the execu- ! 
tion of it was prevented by the death of the au- 
thor. It muft be acknowledged, that no man 
was more induftrious and acute in making ob- c 
fervations, and in colle@ing fats. To him we 
are indebted for remarking the correfpondence # 
between the angles of mountains, which is the 
chief key to the theory of the earth, He ar: 
ranges the materials he had colleted in the beft « 
order. But, with all thefe advantages, it is pros © 
bable, that he would not have fucceeded in gi- 
ving a phyfcal hiftory of the changes which have — 
happened in the earth ; and he appears not to 
have difcovered the caules of thofe effects which | 
he 
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he relates: To be convinced of this remark, we 
have only to take a view of the propofitions he 
deduces from thofe phaenomena which mutt 
have been'the foundation of his theory, He 
fays, that the earth was formed at once, and not 
fucceflively ; that its figure and difpofition. de- 
monftrate that it was formerly in a fluid ftate; 
that the prefent condition of the earth is very dif- 
ferent from what it was fome ages after its farft 
formation; that the matter of the globe was 
originally more foft than after its furface was 
changed ; that the condenfation of its folid parts 
diminifhed gradually with its velocity ; fo that, 
after a certain number of revolutions round its 
own axis, and round the fun, its original ftruc~ 
ture was fuddenly diffolved; that this happened 
at the vernal equinox; that the fea-fhells infi- 
nuated themfelves into the diffolved matters; 
that the earth, afier this diffolution, aflumed its 
prefent form ; and that, as foon as the fire or 
heat operated upon it, its confumption gradually 
began, and, at fome future period, it will be. 
blown up with a dreadful explofion, : accompa 
nied with a general conflagration, which will 
augment the atmofphere, and diminifh the dia- 
meter of the globe; and then the earth, in place 
of ftrata of fand'or clay, will coat only of 
beds of calcined materials, and mountains com- 
pofed of amalgams of different metals. . 

This is a fufficient view of the fyftem which 


M. RoureHet: sehgncd to compofe. To guefs at 
the 
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the paft, and to prediét the future, nearly in thé 
. fame manner as others have gueffed and predic= 
ted, requires but a {mall effort of genius. This 


author had more erudition than found and ge- : 


neral ideas. He appears not to have had the 
capacity of forming enlarged views, or of com- 
prehending the chain of caufes and effects. 


In the Leipfic Tranfa@ions, the celebrated — 


‘Leibnitz publifhed a fketch of an oppofite fy- 


ftem, under the title of Protogaea. The earth, . 
according to Bourguet and others, was to be 


confumed by fire. But Leibnitz maintains, that — 


it originated from fire, and that it has under- 
gone innumerable changes and revolutions. At 
the time that Mofes tells us the light was divi- 


ded from the darknefs, the greateft part of the. 


earth was in flames. The planets, as well as the 
earth, were originally fixed and luminous ftars. 


Sf eee 


After burning for many ages, he alledges, that 
they were extinguifhed from a deficiency of 
combuftible matter, and that they became o-" 


paque bodies. The fire, by melting the matter, 


produced a vitrified cruft ; and the bafis of all 


terreftrial bodies is elafs, of which fand and era | 
vel are only the fragments. The other. {pecies 


of earth refulted from a mixture of fand with" 


water and fixed falts ; and, when the cruft had — 
cooled, the moift particles, which had been ele-’ 


vated in the form of vapour, fell down, and” 


formed the ocean. Thefe waters at firft cover-. 


— 


ed the whole furface, and even overtopped the. 
higheft 
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‘higheft mountains. In the eftimation of this. 
author, the fhells, and other fpoils of the ocean, 
which every where abound, are indelible proofs 
that the earth was formerly covered with the 
fea; and the great quantity of fixed falts, of 
fand, and of other melted and calcined matters 
fhut up in the bowels of the earth, demonftrate, 
that the conflagration had been general, and that 
it had preceded the exiftence of the. ocean. 
Thefe ideas, though deftitute of evidence, are 
elevated, and bear confpicuous marks of inge- 
nuity. The thoughts have a connection, the hy-~ 
pothefes are not impoflible, and the confequen- °. 
ces which might be drawn from them are not 
contradictory. Butthe great defect of this theory 
is, that it applies not to the prefent ftate of the 
“earth. It only explains what palled 1 in ages. fo 
remote, that few veftiges remain ; a man may, 
therefore, affirm what he pleafes, and what he 
fays will be accompanied with more or lefs: pro- 
* bability, in proportion to the extent of his ta. 
lents. To maintain, with Whifton, that the 
- earth was originally a comet, or with Leibnitz, 
that it was a fun, is to aflert what is equally 
poffible or impofhble ; it would, therefore, be 
ridiculous to inveftigate either by the laws of 
probability. ‘The ation creation of the | 
world deftroys the notion of the globe’s being 
covered with thé ocean; and of that being the 
reafon why fea-fhells are fo much diffufed 
. through different parts of the earth; for, if that 
EL had 
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had been the cafe, it mult of neceflity be allows | 
ed, that fhells, and other produdtions of thé o- : 
cean, which are fill found in the bowels of the — 


earth, were created long prior to man, and othér 


land-animals. Now, independent of feripture= — 
authority, is it not reafonable to think thatthe | 


origin of all kinds of FARM and Me rc, is 


equally ancient? 9 Le 
M. Scheutzer, in a differtation addreffed to 


the Academy of Sciences im 1708, attributes, 


like Woodward, the change, or rather new cre2 
ation of the globé, to the deluge. To account 
for the formation of mountains, hé télls us, that 


God, when he ordered the waters to return to 


their fubterraneous abodes, broke, with his Al- 
mighty hand, mauy of the horizontal ftrata, and 


elevated them above the furface of the earth; 4 
which was originally level. The whole differ- « 


tation was compofed with a view to fupport this | 
ridiculous notion. As it was neceflary that thefe | 


{5A wee 


eminences fhould be of a folid confiftence, Mr — 
Scheutzer remarks, that God only raifed them , 
from places which abounded in ftones. Hence, 


fays he, thofe countries, like Switzerland, which “ 


are very ftony, are likewife mountainous ; and” 


thofe, like Flanders, Holland, Hungary, and Po- — 


dand, which are moftly compofed of fand and. 
clay to great depths, have few or no ape 


tains *. 


* Vid. Hitt. de PAcad. 1708, p. 32. 


This 
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This author, like Woodward, blends phyfics 
and theology; and, though ‘he has made fome 
good obfervations, the fyitematic part of his 
wink is weaker and more puerile than that of 
any of his predeceflors. He has even defcended 
to declamation, and abfurd pleafantries. The 
reader, if he defires to fee them, may confult 
his Piferum Querelae, &c. not to mention his 
Phyfica Sacra, confifting of feveral volumes in 
folio, a weak performance, fitter for the amufe- 
ment of children than the inftruction of men. 

Steno, and fome others, have attributed the 
origin of mountains, and other ‘inequalities. up- 
on the furface of the earth, to particular inun- - 
dations, earthquakes, &c. But the effets of 
thefe fecondary caufes could produce nothing 
but flight changés, Thefe caufes may co-ope- 
rate with the firft caufe, namely, the tidés, and 
tbe, motion of the fea from éaft to welt, | Bez 
fides, Steno has given no theory, nor even any 
eoreral fa&ts, upon this fubjet *, 

Ray alledges, that all. mountains have been 

produced by earthquakes, and has written 4 
treatife to prove the point. When we come to 
fhe article of voleano’s, we fhall examine the 
foundation of this opinion. | 

We cannot omit obferving here, that Burnet; 

Whifton, Woodward, and moft other neh ae. 
have fallen into an error which deferves to be. 
rectified. ii git nl re the nas as 

an 
* Vide Differt. de Solido intra Solidum nato, &c. 
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an effect within the compafs of natural caufes, 
although the fcripture reprefents it‘as an imme- 
diate operation of the Deity. It is beyond the 


power of any natural caufe to produce on the 


furface of the earth a quantity of water fufficient 
to cover the higheft mountains: And, although 
a caufe could be imagined adequate to this effect, 


it would ftill be impoffible to find another caufe. 


_ capable of making the waters difappear. Grant- 
ing that Whifton’s waters proceeded from the 


tail of a comet, we deny that any of them could _ 
iflue from the abyfs, or that the whole could re- — 


turn into it; for the abyfs, according to him, 


was fo vernal and prefled on all fides by the 


terreftrial cruft, that it was impoflible the comet’s _ 


attraction could produce the leaft motion in the 
fluids it contained, far lefs any motion refem- 


bling the tides: Hence, not a fingle drop could — 
cider proceed from, or enter into the great — 
abyfs. ; Unlefs, therefore, it is fuppofed, that — 
the waters which fell from the comet were an- — 


nihilated by a miracle, they would for ever have © 


_ remained on the furface, and covered the tops — 
of the higheft mountains. The impoflibility of 3 


explaining any effect by natural caufes, is the 


moit effential character of a miracle. Our au- - 
thors have made feveral vain efforts to account _ 


for the deluge. Their errors in phyfics, and in 


the. fecondary ‘caufes they employ, prove the | 
truth of the fad; as related in fcriptüre, and de- ~ 
RRQ, that the univerfal deluge could not be | 


¢ mubiic® mat obile’ > ae 
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Faccomplithed by any other caufe nan the will 
vof the Deity. \ 


1 Befides, it is apparent, that it was not at oné 


oa nor by the fudden effet of a deluge, that 
the fea left uncovered thofe continents which 


“we inhabit: It is certain, from the authority of 


feripture, that the fevvettrial Paradife was in 
Afia, and that Afa was inhabited before the de- 
luge; confequently, the waters, at that period; 
covered not this large portion of the globe. 
‘The earth, before the deluge, was nearly the 
fame as now. This enormous quantity of wa- 
pr, poured out by Divine juftice upon guilty 
“men, deftroyed every living creature ; but it pro- 
Mec no change on the furface oe the earth; 
‘it deftroyed not even the plants; for the pigeon | 
returned to the ark with an olive branch in her 
pi. 
Why then fhould we fuppofe, pas many na- 
Muratifs, that the waters of the deluge totally 
Bhabgéd the furface of the globe, even to the 
‘depth of two thoufand feet ? Why imagine that 
‘the deluge tranfported thofe fhells, which are 
found at the depth of feven or eight hundred ~ 
“feet, immerfed in rocks and in marble? Why re- 
fer to this event the formation of hillsand moun- | 
‘tains? And how is it poflible to imagine, that 
the waters of the deluge tranfported banks of 
hells of 100 leagues in length? J perceive not 
how they can perfift in this opinion, unlefs they 
admit a double miracle, one to create water, and 


Vou, I, pony eds 


another 
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another to tranfport fhells, But as the firft on- 
ly is fupported by holy writ, I fee no reafon for 
making the fecond an article of faith. 

‘On the other hand, if the waters of the de- 
luge had retired fuddenly, they would have car- 
ried off fuch immenfe quantities of mud and 


foil, as would have rendered the land unfit — 
for culture till many ages after this inunda= 
tion. In the inundation which happened in : 


Greece, the country that was covered remained 
barren for three centuries *.. Thus the deluge 


ought to be regarded as a fupernatural mode of — 


chaftifing the wickednefs of men, not as an ef- 


fe& proceeding ‘from any natural caufe. The 
univerfal deluge was a miracle, both in its caufe … 


and in its effects. It appears from the facred 


text, that the fole defign of the deluge was the 


deftruction of men and other animals, and that 
it changed not in any manner the furface of the 


earth; for, after the retreat of the waters, the 
PE BIE 9 and even the trees, kept their for- 
mer ftations, and the land. was fuited for the 


culture of vines and other fruits of the earth. 
Tt might be afked, if the earth was diflolved in 
the waters, or, if the waters were fo much agi- 


tated as to tranfport the fhells of India into Eu- 


rope, how the fifhes, which entered not into the 


ark, were preferved ? 
The notion, that the fhells were tranfported 


and left upon the land by the deluge, is the ge 


| At neral. 
… # Vide acta erudit, Lip 1691, p. 100. 
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| neral opinion, or rather fuperftition, of natura- 
lifts. Woodward, Scheutzer, and others, call 
petrified fhells the remains of the deluge ; they 
‘regard them as medals or monuments left us by 
“God of this dreadful cataftrophe, that the me- 
-morial of it might never be effaced among men. 
Laftly, they have embraced this hypothefis with 
F “fo blind a veneration, that their only anxiety is 
‘to reconcile it with holy writ; and, in place of 
‘deriving any light from peeve and experi- 
“ence, they wrap themfelves up in the dark clouds 
of phyfical theology, the obfcurity and littlenefs 
of which derogate from the fimplicity and dig- 
‘nity of religion, and prefent to the {ceptic no- 
‘thing but a ridiculous medley of human conteits 
and divine truths. To attempt an explanation : 
of the univerfal deluge and of its phytical caufes ; 
to pretend to give a detail of what paffed during 
this great revolution; to conje@ure what effects 
| ‘have: refulted from it; to add fads to the facred 
| writings, and to draw confequences from thefe 
‘interpolations ; is not this a prefumptuous de- 
fire of fcanning the power of the Almighty? 
‘The natural wonders wrought by his beneficent 
hand, in a uniform and regular manner, are al- 
together incomprehenfible ; his een 
opérations, or his miracles, ought, therefore, to 
imprefs us with an awful PNR and a 
filent refpea. 
Plt may ftill be urged, that, as the univerfal de- 
luge : is an eftablithed fa, is it not lawful to rea- 
die fon 


“4 
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fon upon its confequences? True. But you muft 
commence.with acknowledging, that the deluge 
could not pofhbly be the effect of any phyfical 
caufe ; you muft regard it as an immediate 
operation of the Deity ; you muft content your- 
felf with what is recorded in fcripture; and 
you mutt, above all, avoid blending bad philo-. 
fophy with the purity of divine truth. After 
taking thefe precautions, which a refpect for the 
counfels of the Almighty requires, what remains 
for examination upon the fubjeét of the deluge? 
Does the facred writings tell us that the moun- 
tains were formed by the deluge? They tell us. 
the reverfe. Do they inform us that the agita=— 
tion of the waters was fo great, as to raife the. 
fhells from the bottom of the ocean, and to dif- 
perfe them over the face of the earth? No: The 
ark moved gently on the furface of the waters, 
Do they tell us, that the earth fuffered a total 
_ diflolution? By no means. The narration of 
the facred hiftorian 1s fimple and true; that of 
naturalifts is complicated and fabulous. | 
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H E furface of the earth is not, like that 

of Jupiter, divided into alternate bands or 

belts parallel to the equator. On the contrary, 
it is divided, from one pole to the other, into 
two belts of earth, and two of fea, The firtt 
and principal belt is the ancient Continent, the 
greateft length of which is a line commencing at 
thé moft eaftern point of the north of Tartary, 
and extending from thence to the neighbour- 
Ruflians fith whales; from thence to Tobolfki git 
from Tobolfki to the Cafpian fea ; from the Caf- 
pian fea to Mecca ; from Mecca to the weftern. 
pr of the country, inhabited: by: the Galli in 
Piet ha : Africa 5 


oa 


wea 
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Africa ; from Hence to Monoemuci, or Mono- à 
epee ; and, laftly, to the Cape of Good Hope. 4 
This line is about 3600 leagues in length, and is” 3 
never interrupted but by the Cafpian ioe the 
Red Seas, the breadth of which is inconfider- — 
able, and ought not to be regarded, sfpecially | 
as, like our feafons, the whole furface of the | 
globe is divided into four parts only. 4 
This greateft length of the Old Continent lies M 
in a diagonal line ; for, if meafured by a meri- © 
dian, it will appear,- that, from the northmoft © 
point of Lapland to the Cape of Good Hope, — 
exceeds not 2500 leagues; and that this line, À 
though fhorter, meets with greater interruptions M 
from the Baltic and Mediterranean. With re-« 
gard to all other lines which could be drawn un- ¥ 
der the fame meridians in the Old eee 
they muft ftill be fhorter than thofe we have” 
mentioned. For example, from the moft fou- \ à 
thern point of the Ifland of Ceylon to the nor-# 
thernmoft coaft of Nova Zembla, is 1800 leagues. À x 
In the fame manner, if the Continent be meafu- I 
red by lines parallel to the equator, its greateft 
length, without much interruption by feas, will) 
ftretch from’ Trefana, on the weft coaft of Afri-) 
ca, to Ninpo, on the eaft coaft of China, which” 
is about 2800 leagues. Another line may cial 
near Breft, and extend-to the coaft of Chinefe 
Tartary, which will be nearly 2300 leagues. _ 
From Bergen in Norway, to the coaft of Kamt-_ 
f{chatka, is only 1800 leagues. All thefe lines 
vs) ? 3 pr are) 
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dre much fhorter than the firft.. “Hence the ~ 
greateft length of the Old Continent extends 
from the eaftern point of Tartary to the Cape 
_ of Good Hope, and is about sere leagues, See 
plate l, 
_ This line may be confidered as the middle of 
the ancient Continent ; for, in meafuring the 

furface on each fide bf it, Dad, that, on the 
left, there are 24710924 fun (bases: ; and, 
on'the right, there are 2469687, which is an 
equality fo aftonifhing, as to render it extremely 
probable that this line, which is the longeft, at 
the fame time really divides the contents of the 
ancient Continent. 

Hence the Old Continent confifts of about 
4940780 f{quare leagues, which is a fifth part 
of the furface of the globe, and may be regard- 
ed as a large belt of earth, with an inclination: 
_to the equator of about 30 degrees. | 
The New Continent is another belt of earth, 
_the greateft length of which may be taken from 
the mouth of the river Plata to the lake of the: 
Affiniboils. ‘This line pañles from the mouth of. 
the river Plata to Lake Caracara ; from thence: 
to Mataguais, Pocona, Zongo, Mariana, Mo- 
tua, St Fe, and Carthagena ; then it’ pañes 
through the gulf of Mexico to Jamaica and. 
Cuba ; from thence along the peninfula of Flo-. 
rida, through Apalache, Chicachas ; and from 
thence to St Louis, Fort le Sueur, and termi-' 
nates in the country bordering on Lake Affini- 

: | boils, 
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boils, the extent of which is unknown. | See. 
plate Lh, 
This, line is interrupted only by the Gulf of 
Mexico, (which may be confidered as a Medi- 
terranean fea), is about 2500 leagues in length, 
and: divides the New Continent nearly into two 
equal parts, that on the left containing 10692864 
leagues fquare, and that on the right 10700262; 
It is the middle of the belt of land called the 

New Continent, and is likewife inclined to the 
equator about 30 degrees, but in an oppofite di- 
rection ; for that of the Old Continent extends 
from the north-eaft to the fouth-weft ; but that 
of the New Continent from north-weft to fouth- 
eaft. The fuperficial contents of the Old and : 
New Continents are about 7080993 fquare 
leagues, not near a third part of the furface of © 
the globe, which contains 25,000,000 fquare . 
“Jeagues it: 

Of thefe lines, Re divide the Continents 
into: two. equal parts, it may be remarked, 
that they both terminate at the fame degrees of 
north and fouth latitude ; and that the two Con- 
tinents make mutual advances, or. projections, 
exactly oppofite to each other, namely, thofe on 
the African coaft,: from the Canary Ifles to Gui- 
ney; and thofe of America, from: ee to 
the mouth of the Rio- Janeiro. | 

‘It is, therefore, apparent, that the dut ancient 
lands on the globe-are thofe which extend from | 
200 to 250 leagacs on each fide of the two lines: 
above ” 
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above defcribed.. Agreeable to this idea, which 


is founded on the obfervations already made, we 


find that, in the Old Continent, the moft an- 
cient countries of Africa are thofe which ftretch 
from the Cape of Good: Hope to the Red Sea 
and Egypt, and, are about 500 leagues broad + 
and, confequently, that the whole weftern coatt 
of Africa, from Guiney to the Straits of Gibral- 
tar, are new lands. Inthe fame manner, if we 
trace this line through Afia, and include an e- 
qual breadth, we fhall find, that the moft ancient 
countries are, the two Arabia’s, Perfa, Georgia, 

Turcomania, a part of Independent Tartary, 

Circaflia, part of Mufcovy, Has ; and, of courfe, 
that Europe, and perhaps. alfo Pac and the. 


ealtern part of ‘Tartar Yr ang WAAL nay new 


N° countries. 


In the New Continent, we fhall likewife find, 
that Terra Magellanica, the eaftern part of De 


* fil, of the.country. of the Amazons, of Guiana, 


and, of; Canada, are new! lands, when compared 
with Tucuman, Peru, Terra Firma, the iflands 
in the Gulf of Mexico, Florida, the Miffifippi, 
and Mexico. To thefe:obfervations may be ad- | 
ded) two: remarkable facts. . The Old and New 
Continents are nearly: oppofite to each other. 
The Old Continent extends farther north of the; 
equator than:fouth ; ‘but the New, farther fouth 


_ than north. : The centre of the Old Continent 


lies in the 16th or 18th degree of north latitude; : 


and the centre of the New: Continent lies à in the’ 
16th 


a 
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‘“6th or 18th degree of fouth aide: as if 
they were intended to counterbalance each O- 
ther. There is another fingular analogy be- . 
tween the two Continents, though it appears to’ 
be chiefly the effe& of accident, Both Conti- 
nents might be divided into. two portions, 
~ which would be furrounded on all fides by the. 
| fea, except the two fmall ifthmus’ s of Suez and 

- Panama. 

‘Thefe general Gb ne on the divifion of 
the globe are the refult of an attentive furvey. 
We fhall not, upon this foundation, ere& hypo- 
thefes, or icles in reafonings, which might 
lead. to falfe conclufions, But, as the divifion 
of the globe has not hitherto been confidered 
under this point of view, I fhall hazard a few 
remarks. It is not a little fingular, thatthe 
longeft line which can be drawn upon the two 
‘Continents fhould, at the fame time, divide them 
into two equal parts. It is not lefs remarkable, 
that thefe two lines fhould commence and termi- 
nate at the fame degrees of latitude, and have 
the fame inclination to the equator. Thefe re- 
lations may lead to general conclufions, of which 
we are {till ignorant. We fhall afterwards ex-. 


amine, in detail, the inequalities in the figure of 


the two Gontinents: and fhall here only remark, ' 
that the moft ancient countries fhould be found 
in the neighbourhood of the above lines, and 


fhould, at the fame time, have the higheft ele-) 


vation; and that the more recent, lands fhould. 


be 
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be moft remote from thefe hes and likewife lie: 


lower. Agreeable to this idea, the neweft coun- 
tries in America fhould be-the land of the Ama- 


zons, Guiana, and Canada. In examining the 
map of thefe countries, we perceive that they 
are every where divided by numberlefs lakes and. 


rivers, which is a ftill ftronger indication of 


their recent origin. On the other hand, the re- 
gions of Tucuman, Peru, and Mexico, are high 
mountains, and Gtuated near the line that a 
vides the continent ; circumftances which feem 
to prove the fuperior antiquity of thefe coun- 


_ tries. Africa is alfo extremely mountainous, 


and at the fame time very ancient. In this part 
of the globe, Egypt, Barbary, and the weftern 
coaft, as far as Senegal, can only be confidered 


as newlands. Alia is perhaps the moft ancient: 
ofall countries, efpecially Arabia, Perfia, and 


Tartary. But the inequalities of this great di- 
vifion of the globe, as well as thofe of Europe, 
fhall be treated of in a feparate article. We fhall 


only remark, in general, that Europe is a new 


Ep ares À 


country, as appears from thofe univerfal tradi- 


tions concerning migrations of different nations, 
and the origin of arts and fciences. It is not 


… long fince Europe was full of marfhes and fo- 


refts. But, in countries anciently inhabited, 


… there.are few woods, lakes, or marfhes, but a 


great deal of heath and fhrubs, and many high 
mountains, with dry and barren tops; for men. 


| 4 deftroy woods, drain marfhes and lakes, and, in 


procefs 
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procefs of time, give an appearance to: the face 
of the earth totally different from that of unin- 
habited or newly peopled countries. 
A fmall portion of the globe only was known 
tothe ancients. The whole of America, the 
Artic Circle, Terra Auftralis and Magellanica, 
and a great part of the interior regions of Afri- 
ca, were unknown to them. They knew not 
_that the Torrid Zone was inhabited, although 
they had’ failed round Africa. About 2200 
years ago, Neco King of Egypt furnithed fome 
veflels to the Phoenicians, who failed down the 
Red Sea, doubled the Cape of Good Hope, ‘and 
the third year after their departure they entered 
the Mediterranean by the ftraits of Gibraltar *, 
The ancients, notwithftanding, were totally ig- 
norant of the polarity of the loadftone, although 
they knew its power of attraGting iron; they 
knew not the caufe of the tides; and they were | 
uncertain whether the ocean furrounded the 
globe. Some of them, indeed, fufpected that it 
might be fo; but thefe conjectures were fo ill 
founded, that none of them ever dreamed of its 
being poffible to circumnavigate the earth. Ma- 
gellan, in the year 1519, was the firft who at- 
tempted this great voyage; and he accomplifh- 
ed it in 1124 days. Francis Drake, in the 15775. 
was the fecond; and he performed it in 1056 
days. Thomas Cavendith fet out upon this 
voyage in 1586, and finifhed it in 777 days. 
| | Thefe’ 
* See Herodotus, lib. 4 
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Thele celebrated navigators were the firft who 
gave a phyfical demonftration of the fphericity 
and extent of the circumference of the earth. 
The ancients, though they travelled much, had 
no adequate idea of the extent of the globe. 
They were equally i ignorant of the trade-winds, 
_ which are fo ufeful in long voyages. Their li- 
mited knowledge in geography, therefore, 
fhould not furprife us, efpecially when it is con- 
fidered, that, notwithftanding the advantages 
derived from the mathematical fciences, and 
from the difcoveries of navigators, many points 
remain {till undetermined, and. vaft regions are 
yet undifcovered. Of the countries in the 
neighbourhood of the fouth pole, we only know | 
that they exift, and that they are feparated from 
the other continents by the ocean * Much, 
likewife, remains to -be difcovered concerning 
the lands near the north pole: And, it is a fabs 
je& of regret, that, for a century Halt. the ar+ 
_ dour for difcovering new countries has greatly 
abated. ‘The nations of Europe feem, and per- 
haps they are right, more difpofed to increafe 
the value of thofe countries they have already 
difcovered, than to acquire new territories. 

The difcovery, however, of the Southern 
Continent, would be a grand object of curiofity, 
and might be attended with the greateft advan- 
tages, A few of its coafts have been recogni- 
fed; but thofe navigators who have attempted 

7 this 
_* Captain Cooke, in his late voyage, has demonftrated, in the 
complete manner, that no continent exifts near the fouth pole. 
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this difcovery, have always been prevented 
from reaching land by large bodies of ice. The 
thick fogs which infeft thofe feas form another 
obftacle. But, notwithftanding all thefe inconve- 


niencies, it is probable, that, by fetting out from ' 


the Cape of Good Hope at different feafons, part — 


of this new world might ftill be difcovered. 

+ Another method might, perhaps, be attended 
with more fuccefs. To avoid the fogs and the 
ice, the difcovery might be attempted, by de- 


parting from Baldivia, or fome other port on the - 


coaft of Chili, and traverfing the fouth fea un- 


der the soth degree of fouth latitude. Thisna- 


vigation appears not to be hazardous ; and it is 


probable that it would be attended with the dif. 


covery of new lands; for the regions about the — 


fouth pole, ftill unknown, are fo extenfive, that 
they may be computed to be about a fourth part 
of the globe ; and, confequently, may contain a 


tountry ‘as large as the whole of ones ARE 


and Africa. 

~ ‘While we remain ignorant of this part of the 
earth, we cannot determine the proportion the 
furface of the land bears to that of the ocean ; 
from what we do know, it appents that there 1 : 
‘more fea than land. 

| To acquire an idea of the ane quantity of 
water in the ocean, we mutt fuppofe a medium 


depth, for example, that of 200 fathoms, or the- 
fixth part of a league. Upon’ this field: 


there i is as much water in tae Qcean as would be 


’ fufficient | 


4 
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- fufficient to cover the whole globe to the depth 
_ of 600 feet; or, if colle&ed into one mafs, it 
would form a globe of Go leagues in diameter. 

It is alledged by navigators, that the latitudes 

near the fouth pole are much colder than the 

fame latitudes towards the north. But this opi- 

nion feems to have no foundation. It appears 

to have been adopted from the circumftance of 
_ ice appearing in latitudes where none is found 
_ in the northern feas. But this effet may be 
- owing to fome peculiar caufes. After the month 
_ of April, there is no ice on this fide of 67 or 68 
_ degrees of north latitude; and the favages of 
_ Acadia and of Canada fay, that, if the ice be not 
. melted in April, it. indicates a cold and rainy 
fumer. The year 1725 was diftinguithed by 
… an almoft perpetual rain ; and, in April, the ice 
_ inthe northern feas was not only not melted at 
the 67th degree, but, ‘on the 15th of June, it 
. was found in lat. 41 or 42 *. : 

Great quantities of floating ice appear in Lie 
| north feas; efpecially at confiderable diftances 
from land. They come from the Tartarean fea 
into that of Nova Zembla and other parts of 

the Frozen Ocean. Ihave been affured, by people 
_ worthy of credit, that an Englifh Captain, call- 
ed Manfon, Led of fearching for a pañlage to 
. China between the northern lands, direéted his 
courfe ftraight to the pole till he arrived within 
_ two degrees of it; and that, in this courfe, he 
2 found 


* See Vhift. de l’acad, anncé 1725. 
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found an open fea, and no ice; which is a cleat 
_ proof that the ice is always formed near the 
land, and never in an extenfive fea: For, though ° 
ae fhould be fuppofed, contrary to probability, — 
_ that the cold was fo intenfe at the pole as to 
freeze the furface of the fea, it is ftill-inconcei- 
… vable how thefe enormous floating maffes could 
be formed, without being attached to the land, 
from back they are again feparated by the heat 
of the fun. Two wells fent by the Eaft India. 
Company, in 1730, to difcover | land in the 
fouth feas, found boards of ice in lat: 47 or 48; 
but they were not very diftant from the thore, 
which was in view, though the veflels could not 
make their landing good *. Thefe boards of : 
ice mult have been detached from the lands in 
thé neighbourhood of the fouth pole; and ‘it 
may be conjectured that they. follow the courfe 
of fome large rivers in thefe unknown regions, 
in the fame manner as the Oby, the Jenifca 
and other great rivers that fall into the north 
feas, carry down boards of ice, which fhut up, 
during the greateft part of the year, the ftraits 
of Waigat, and rendér the fea of Tartary, by 
this courfe, altogether inacceffible; while, be- 
yond Nova Zembla, and nearer’ the pole, where 
there is little land and few rivers, boards of ice | 
_aré lefs frequent, and the fea is more navigable. 
Hence, if any farther attempts be made to find 
a paflage to China and Japan by the north feas, 
it 
# See on this fubjet a chart ny M; Büathe, 1749. dE | 
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it will, perhaps, be neceflary to keep at a diftance 
from the land and the ice, to fteer dire€tly to- 
. wards the pole, and to explore the moft open 
| es where unqueftionably there is little or no 
ice: For it is well known, that falt water can 
take ona greater degree scat without freezing, 
than frefh water after it.is eecaal a confe- 
 quently, the exceflive cold at the pole may ren- 
_ der the fea colder than ice, without freezing its 
4 ' furface. - Befides, at 80 or 82 degrees, the fea, 
À though mixed with fnow and frefh water, is ne- 
n ver Fa except nearthe coafts. From the 
| united pre of feveral navigators, it is ap- 
| parent, that there is a pañlage from Europe to 
À pour: by the north fea: The reafon why it 
| has fo often been in vain attempted is obvious. 
‘ à Fear prevented the undertakers from keeping at 
à fufficient diftance from the land, atid from ap- 
4 _ proaching the-pole, which they probably in ima- 
B gined to be an immenfe-rock. | 
William Barents, however, who, like many 
i Mers. had run aground in his voyage, never 
… doubted the exiftence of fuch a paflage, or that,: 
"if he had kept farther from land, he would have 
. found an open fea without ice.. The Ruffian 
“navigators fent by the Czar to reconnoitre the 
north fea, relate, that Nova Zembla is not an 
: land, but.a part of Tartary, and that, to the. 
north of it, theré isa free and open fea. A 
* Dutch voyager affirms, that whales are occafio-, 
nally thrown upon the coafts of Corea and of | 
BOE isd ots cit odie cinnwaty to Sotienlabals 
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Japan, with European harpoons aries in their 
backs. Another Hollander alledges, that he had 
penetrated to the pole itfelf, and affures us, that 
it was as warm as at  Amfierdam in fummer. 
One Goulden, an Englifhman, who had made 
above thirty voyages to Greenland, related to 
Charles IJ. that two Dutchmen, who failed along _ 
, with him, having been Het in fifhing | 
off the coaft of the Ifle of Edges, refolved ta 
proceed northward; that, upon their return, 
fifteen days after, they told him, that they had 
been at the 89th degree of latitude, where they : 
‘found noice, but an open, deep a Allen that in 
the Bay of Bifcay; and that they fhowed himthe _ 
two fhips journals in fupport of what they ad- : 
vanced, In fine, it is related in the Philofophical — 
Tranfaétions, that two navigators, who engaged 
in the difcovery of this paflage, penetrated 300 © 
leagues to the çaft of Nova Zembla; but, on 
their arrival, the Eaft India Company, Se | 
thought they Fad an intereft in preventing the 
_ difcovery, allowed them not to return that way to — 
 Europe*, But the Dutch Eaft India Company, 
who believed themfelves interefted' in the dif- 
covery, having made unfuccefsful attempts on | 
the European fide, tried to find it by the way ! 
of Japan; ‘and they would probably have fuc- 
— ceedéd, if the Emperor of China had not pro- 
| hibited all. ftrangers from navigating on the ‘ 
coafls of the lands of SE This paflage, there- _ 
fore, — 
* See Collect, of Voyages to the North, p. 200. : 
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_ fore, cannot be found but by fteering dire@ly 


to the pole beyond Spitzbergen, or rather by 
keeping the open fea between Nova Zembla and 
Spitzbergen, under the 7oth degree of latitude, 
For the reafons already given, there is no occa- 
fion to dread ice, even under the pole’ itfelf; 


_ for there is no example of a large fea freezing at 


a great diftance from land. The only fea that 
freezes totally is the Black Sea, which is nar- 
row, contains little falt, and receives from the 
nofthern countries den D of rivers, and large . 
boards of ice. If we may credit Roi. hid 
fea, in the time of the Emperor Cuntnenwntie: 
froze to the depth of 30 cubits. This may be 


_ an exagg eration: But that it freezes every win- 


ter 1s certain, while open feas, 1000 leagues 


hearer the pole, never do, This fac can only 


be explained by the fuperior faltnefs, and the 
comparatively {mall quantity of ed which 


_thefe feas receive. 


Boards of ice, which have bat MR as 


invincible obftacles to navigation near the poles, 
prove only the exiftence of large rivers in the 


neighbourhood of the places where they appear. 
They alfo demonftrate the exiftence of vaft con- 
tinents, from which thefe rivers derive their 


_ fources; and, therefore, we ought not to be dif- 
_ couraged by their appearance : Befides, very 
ittle refleétion will convince us, that thefe boards 


_ of ice muft be confined to particular places; 


that it is impofñble they fhould occupy the 
: whole circle in which the fouthern continent is 


K 2 | fuppofed 
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fuppofed to be HAE and, therefore, if a 
different route were peer, we have reafon to 
hope for fuccefs. From the defcription of New 


‘ Holland, given by Dampier, and others, itis 


probable, that this part of Terra Auftralis, which 


is, perhaps, a part of the fouthern continent, isa 
. country lefs ancient than what remains to be dif= _ 


covered. New Holland.lies low; it has neither 
. mountains nor rivers; it is thinly inhabited, and 
the natives have no induftry. All thefe circum= 
flances induce us to think, that the favages of 


New. Holland are fimil ar to thofe of the Ama- — 


zons, and of Paraguay, in America. In Perw and 


Mexico, which are the moft elevated) and, of — 
eourfe, the moft ancient countries of America, 


the manners of the inhahitants were polifhed ; 
‘and they were divided into diftina nations, go- 
verned by fovereigns and by laws. *Savages; on 


the contrary, are always found'in low.and new 


‘countries. Hence we may prefume, that, in the 
elevated and interior parts of the fouthern con- 


tinent, from which iffue thofe large rivers that _ 
carry down boards of) ice’ to the fea, there are | 


men united by the bonds of fociety. Onna 


The interior parts of Africa are nearly as file 


known to usas they were to the ancients... They 


_ had circumnavigated this immenfe peninfula; | 
but they have neither left us charts nor defcrip= 
tions ofitscoafts. Pliny tells. us, that this voyage — 
was performed in the days of Alexander ‘the . 
Great; that the so a ok sap; sin thips | 

ei 5408 1 Were À 
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were found in the Arabian fea; and that Hanno, 
the Carthaginian General, had failed from Gades 
tothe Arabian gulf, and had written a relation 


of the voyage. He farther informs us, that, in 
the days of Cornelius Nepos, one Eudoxus, 


a who had been perfecuted by King Lathurus, was 
_ obliged to fly; that he departed Fou the Ara- 
| bic gulf, and arrived at Gades; and that, previ- 


ous to this period, Spain carried on a trade by 


' fea with Ethiopia * , But, thefe teftimonies 


notwithftanding, we are of opinion, that the an- 


4 . cients never doubled the Cape of Good Hope : 
* Every man confidered the voyage of the Por- 


tuguele to the Eaft Indies as a new difcove- 
ry. It will not be incurious to ‘fee the fenti- 


: * ments entertained of this fubject in the ninth 


century. ‘ In our days, a difcovery has been 
made which was~ totally unknown to. thofe 


à ‘ft who lived. before. us. No man believed, or 


could fufpect, that the fea which reaches from 


© the Indies to China, had any communication 
. with the fea of Syria. But we have lately _ 


found, according to my information, in the 


» * Mediterranean, or fea of Roum, the wreck of | 


- * an Arabian fhip which had been ftaved to 


| pieces by a tempeft. Some of thefe pieces had 
- been carried, by the wind and the waves, into 
the fea of the Cozars; from thence round to 


_ ‘ the Mediterranean, aha along that fea to the 


u 
É 4 


-coaltof Syria. This isa demonftration that the 
K br Ras ac adcéan 
# See Plin. Hit. ee tom. 1. lib. 2. } | 
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ocean furrounds China and Cila, the extremity 
of Turqueiton, and the country of the Cozars, 
and that, at laft, it enters by the Straits, and 
wafhes the borders of Syria. The evidence 
arifes from the conflruétion of the veffel ; for 
there are no fhips but thofe of Siraf whofe 
planks are not. nailed. But the veffel above 
mentioned had all her planks ftitched together 
in a manner peculiar to the Arabians, But 
all veflels belonging to the Mediterranean, and 
the coaft of Syria, have their timbers fattened 
with nails *,’ wf FACE ae 
I fhall fubjoin the remarks added by the tranf. 
lator of this ancient relation, won 
‘ Abuziel remarks, as a thing perfely new, 
that a veffel had been carried from the Indian 
fea, and thrown upon the coaft of Sytia. To 
find a paflage for it. into the Mediterranean, 
he fuppofes, that there is a great extent of fea 
beyond China, which communicates with the 
fea of the Cozars, or of Mufcovia. The fea 
beyond Cape Current was entirely unknown 
to the Arabians, on account of the extreme 
hazard of navigating it, and becaufe the con- 
_tinent was inhabited by a people fo barbarous, 
that it was impoffible either to conquer them, 
or to civilize them by commerce. The Por- 
tuguefe found not, from the Cape of Good 
Hope to Soffala, any Moors who had an efta- 
| | 2 * blifhed 
* See Les anciennes relationes de voyages faits par terre a 
Ja Chine, p. 53 
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lifhed fettlement, like thofe in all the maritime 
villages as far as China, which was the fartheft 
place known to geographers. But they could 
not tell whether the Chinefe fea communi- 
cated with that of Barbary by the extremity 


* of Africa; they only defcribed it to the coaft 


of Zinga or Caffraria. We cannot, therefore, 
hefitate in pronouncing, that the firft difcovery | 
of the paflage of this fea, by the Cape of Good 
Hope, was made by the Europeans, under the | 
command of Vafca de Gama, or, at leaft, a 
few years before he doubled that Cape, if we 


may credit fome fea charts of an older date, 
where the Cape is marked under the name of 


Fronteira da Africa, . Antony Galvan relates, 
upon the teftimony of Francifco de Soufa Ta- 
vares, that, in 1528, the Infant Don Ferdi- 
nand fhewed him a fimilar chart from the 
monaftery of Acoboca, dated 120 years before, 
copied, perhaps, from that faid to be in the 
treafury of St Marc at Venice, on which the : 
point of Africa is likewife delineated, accor- 
ding to the evidence of Ramufio,’ &c. 

The ignorance of thefe ages concerning the 


navigation round Africa is not, perhaps, fo 


fingular as the filence of the editor of this an- 
_ cient relation with regard to the paflagesin He- 


rodotus, Pliny, &c. which we have quoted, and 
which proved that the ancients had failed round 


Africa, 


However 
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- However this matter ftands, the coafts of Afrie 
ca are. now well known.. But all the attempts. 


which have been made to penetrate into the in+ 
terior parts, have not furnifhed us with exa@ 


accounts. It would be a great object to go far 


up the country, by means of the Senegal, or. 


fome other great river, and eflablifh fettlements. 


According to every appearance, we fhould there — 
find a country as rich in precious metals as Peru 


or Brafil. It is well known, that the rivers of 
Africa abound in gold duft; and; as the country 
is very high and mountainous, and is, befides, 


 fituated tee the equator, it unqueftionably | 


contains, as well as America, mines of the hea- 


viekt metals, and ftones of the hardeft and moft 


compact texture. 
The vaft extent of north and Can Mere 3 18 
buta late difcovery. If the Ruffian charts be ju, 


we know the whole coaft of this part of Afia; 


and it appears, that, from the termination of eaft 


Tartary to north A ica, it is an extent not a~ | 
_ bove 400 or 500 leagues. It has even been lately 


reduced to a much fhorter fpace, Inthe Amfter- 4 
dam Gazette of 24th January 1747, under the ~ 
article Peterfburgh, it is alledged, that M. Stolle- 


ravoit had difcovered even Kamtfchatka, one 


of the North American ifles, and that he had de- “À 
monftrated that we might fail from Ruffia to « 


America. by a very fhort pañlage, The Jefuits : 
and other miffionaries alfo pretended to have | 
_ known favages in Tartary, whom they had ca- à 

techized in America, which fuppofes the paflage ~ 
nah ge in ‘ tong 
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to be indeed very fhort#. Charlevoix would 
_ have us believe, that the old and new continents 
are united in the northern parts, He fays, that 
fome late voyages of the Japanefe make it pro- 
babte that the paflage we have been mentioning 
is Only a bay, beyond which we may pañs, by 
land, from Afia to America. But this notion : 
. requires confirmation; for it has always been 
thought, that the continent of the North Pole is 
probable feparated from all other continents, as 
_ well as that of the South Pole. 
__ Aftronomy and navigation have reached fo 
à high a pitch of perfection, that we may reafon- 
_ ably hope foon to have an exact knowledge of: 
_ the whole furface of the globe. The ancients, 
. who were ignorant of the mariner’s compafs, 
_ were able to difcover a fmall part of it only. 
- Some pretend that the Arabians invented this in= 
| cc and that, by means of it, they carried © 
on trade with India as far as China f. But this 
notion has always appeared to me to: be defti- 
tute of foundation; for there is not inthe Ara- 
bian, Turkith, or Perfian.languages, a word that 
fignifies a mariner’s compafs: They ufe the Ita- 
… lian word boffola. Even at this moment, they can 
. .neither make compafles nor give polarity to the 
needle. They purchafe thefe articles from the 
_ Europeans. Father Martini alledges, that the Chi- 
à nefe have been AE with the compafs thefe 
a / ae Sue 
ie coee Aveta tom. 3. p. 30. k 
4 Sec lAbregé de l’hift, des Sarazins dé Bergeron, p. 119 
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3000 years *, If thefe fats be true, how fhould 
it happen that they have made fo little ufe of 
this inftrument? Why, in their voyage to 
Cochinchina, did they take a longer courfethan . 
was neceflary? Why did they always limit — 
themfelves to the fame expeditions, the longeft 
of which was to Java and Sumatra? And why 
did they not difcover, before the Europeans, a 
vaft variety of iflands and of fertile countries in 
their own neighbourhood, if they poffefled the — 
art of navigating in the open feas? It was but 
a few years after the difcovery of this wonder- — 
ful quality of the loadftone, that the Portuguefe — 
doubled the Cape of Gaod Hope, and traverfed. _ 
the African and Indian oceans, and that Chrif- 
_ topher Columbus failed to America. | 
It was not difficult to conjeure, that immenfe 
regions exifted in the weftern part of the globe; 
for, on computing what was known of it, name- 
ly, the diftance from Spain to China, and attend- 
ing to the revolution of the earth, or of the hea- 
vens, it was €afy to perceive, that a greater ex- 
tent lay to the weft than what had been already 
difcovered on the eaft. That the ancients found 
not the new world, was not owing toa deficien-. | 
cy in déevarionitens fcience, but folely to their — 
ignorance of the compafs. The paflagesof Plato | 
and of Ariftotle, which mention countries far 
beyond the Pillars of Hercules, feem to indicate | 
that fome mariners had been driven by a tempeft | 


on 


* Sce hift. Siniea, p. 106. 
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on the coaft of America, from which they had 
returned with infinite labour. But, fuppofing 
the ancients to have been thoroughly convinced, 
from the relations of voyagers, that fuch a con- 
tinent exifted, being ignorant of the compafs, 
they could not poflibly derive any advantage 
from fuch conviétion. _ | | 
TL acknowledge, that it is not abfolutely im- 
poflible for refolute men, with no other guide 
than the ftars, to fail in open feas. The ancients 
were in pofleflion of the Aftrolabe. They might | 
_ take their departure from France or Spain, and 
_ fail to the weft by always keeping the polar ftar 
_ on their right hand; and, by frequent foundings, 
they might keep nearly in the fame latitude. It 
_ was unqueftionably by keeping the pole-ftar on 
their left, that the Carthaginians mentioned by 
_ Ariftotle were enabled to return from thofe dif- 
tant regions. But it will ill be allowed, that 
a voyage of this kind muft have been regarded 
as a rath and hazardous enterprize. We ought 
. not, therefore, to be furprifed, that the ancients 
. never conceived fuch a project. 

_ Before the expedition of Columbus, the 
Azores, the Canaries, and Madeira, had been 
 difcovered, It had been remarked, that, when 
the weft winds continued long to blow, the fea 
_ threw upon the coafts of thefe iflands pieces of | 
frange wood, canes of an unknown fpecies, and : 
even dead bodies, which, by feveral marks, were 
known to be neither Europeans nor Africans *. 


| Columbus 
® See Charlevoix, tom. 1. p: 66. — | 
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Columbus himfelf remarked, that, on the weft 


coafts, certain winds blew for AN es days, which © 


he was perfuaded proceeded from land. But, 
though he polleffed all thefe advantages over th 


ancients, and likewife the compafs, the difficulties : 


to be encountered were fo great, that nothing 


lefs than fuccefs could have juftified the en- : 
terprife. Suppofe, for a moment, that the ! 
continent of America had been 1000 or 1500 


lcagues more diftant, a circumftance which Co- 
lumbus could not forefee, he never would have 
arrived, and perhaps this vaft country might 
fill have remained undifcovered. This con- 
jeture ‘receives additional forcé, when it is 
confidered, that Columbus, though the ableft 
navigator LE his age, was feized with terror and 


aftonifhment in his fecond voyage to the New … 
World: As, in his firft voyage, he found no- | 
thing but iflands, he dire€ted his courfe more to | 
the fouth in queft of a continent; but found — 
himfelf ftopped by currents, the great extent of 
which, and theiruniform oppofition to his courfe, 


obliged him to dire his fearch more to the weft. 


He imagined, that it was not currents which : 


prevented him from advancing to the fouth, but 


that the fea was rifing to the heavens, and that : 
both perhaps touched each other in the fouthern » 


parts: Thus, in great undertakings, the moft 
trifling difficulty. may. fometimes turn a mans. 
bre, and extinguifh his courage, | 
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THEORY o Fr THE EARTH. 
| PA RPC LE) 14 RN 
1 Of the F ormation of Strata, or Beds, in the Earth. 


E have demonftrated, in the firft article, 


~ that the earth, in confequence' of the 
mutual attraction between the particles of mat- 


4 ter, and of the centrifugal force that reéfults 
- from its diurnal revolution, muft have affumed 
Bric figure of a fpheroid, the two diameters of 

which differ about a 230th part; and that no- 

Eig but the changes made on the earth’s furface, 
_ by the motions of the air and of the waters, could 
» augment this difference, in the manner alledged 
4 thofe who meafured a degree under the equa- 
tor, and another within the polar circle. This fi- 
À gure of the earth, which agrees fo well with the 
laws of hydroftaics ang with our ‘theory, indi- 
ys? CT A TEL Fo RAIDE .çates 
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cates that, at the time it affumed its figure; it 
Was ina flate of fluidity. We have alfo pro- 
ved, that the projeétile motion, and the motion : 
of rotation, were imprefled at the fame time, and 
by the fame impulfe. It will more readily 
be admitted, that the earth was originally in a 
{tate of liquifaétion, when it is confidered, that 
the greateft part of the materials of which this 
. globe is compofed are either vitrifications, or vi- 
trifiable by fire. The impoflibility of rendering 
the earth fluid by the operation of waters con- 
firms this hypothefis; becaufe there is infinitely 
more earth than water, and the water is not 
able to diffalve fand, rocks, and hard minerals. 
It is, therefore, evident, that the earth affu- 


med its figure when in a faa fate: And, to 
purfue our theory, it is natural to think, that 
the earth, when it iffued from the fun, had no 
other a but that of a torrent of melted and : 
inflamed matter; that this torrent, by the mu- 
tual attradion of its parts, affumed a globular 
figure, which its diurnal motion changed into a 
{pheroid ; that, when the earth cooled, the va- 
pours which were expanded like the tail of a co- 
met, gradually condenfed, fell down in the form ~ 
of water upon the furface, depofiting, at the + 
fame time, a flimy fubflance, mixed with ful- 
phur and falts, part of which was carried, by 
the motion of the waters, into the perpendicu- 
lar fiffures of the ftrata, and produced metals, | 
: and the reft remained on the furface, and gave — 

rife 
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rife to the vegetable mould, which abounds, in 


different places, with more or lefs of animal and 


vegetable particles, whofe MEADEAtIQR is not 


= 


~ 


obvious to the fenfes. 
Thus the interior parts of the globe were ori- 


| ginally compofed of vitrified matter; and, I 


believe, they continue fo at prefent. Above this 


| vitrified matter were placed thofe bodies which 
the fire had reduced into the fmalleft particles, 
as fands, which are only portions of glafs; and,” 


above thefe, pumice ftones, and the fcoriae of 
melted matter, which gave rife to the different 
clays. The whole was covered with water to 
the depth of 500 or 600 feet *, which origina- 


ted from the condenfation of the vapours, when 
_ the earth began to cool. This water depofited 
a ftratum of mud, mixed with all thofe matters 


that are capable of being fublimed or exhaled 
by tre; and the air was formed of the moft 


- fubtile vapours, which, from their levity, rofe 
- above the water, 


Such was the condition of the earth, ies 


the tides, the winds, and the heat of de fun, 


‘ Ne to introduce changes on its furface. The 


diurnal | 


_ * This opinion, that the earth was entirely covered with wa- 


ter, correfponds with the fentiments of feveral ancient. philofo- 
phers, and likewife with thofe of many of the fathers of the 


-charch. In mundi primordio, aqua in omnem terram flagna- 


_ bat, fays Sp Johnof Damafcus, lib. 2. cap. 9. ‘Terraerat ine 


vifibilis, quia exundabat aqua et operiebat terram; St Ambrofe, 
lib. 1, cap. 8. Submerfa tellus cum effet, faciem ejus, inundante 


aqua, non erat adfpectabilis ; St Bafile, Hom. 2. Sce likewife 


must, lib. 1. cap. 12. 
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diurnal motion of the earth, and that of the 


tides, elevated the waters in the equatorial re- : 
gions, and neceflarily tranfported thither great 


quantities of flime, clay, and fand, and, by thus 
‘elevating thefe parts of the earth, they: perhaps 


fank thofe under the poles about two leagues, — 


as was formerly remarked: For the waters 
would eafily reduce into powder pumice-ftones, 
and other fpungy parts of the vitrified matter 
upon the furface, and, by this means, excavate 
fome places, and elevate others, which, in time, 
would produce iflands and continents, and all 
thoie inequalities on the furface, that are more 


confidéerable towards the equator than the poles. 


The higheft mountains lie between the Tropics 
and the middle of the Temperate Zones, andthe 


loweft from the polar circles towards the poles. 1 
Between the Tropics are the Cordeliers, moft ‘OF 4 


the mountains of Mexico and the Brazils, the 
great and lefler Atlas, the mountains of the 


: Moon, &c. : Befides, both the land and the fea: ~ 


have moft inequalities between the tropics, as is 
evident from the incredible number of 1fländs 
peculiar to thefe regions. 

However independent of my.general theory, 


this hypothefis, concerning the original ftate of. 
‘ the globe, may be, I have chofen to refer to it M 
“in this article, with a view to fhow the con-, 
_- neétion and poffibility of the fyftem endeavour= 
éd to be eftablithed in ‘the firft article. It may 


only be remarked, that my shan is not tOPPOrag 


fed: 4 
D : 


* 
Bie, 

ae 
A 


s 
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_fed by the facts; that I take the earth nearly as it 
ftands at prefent; and that J lay hold of none 
of thofe fuppofitions which are often ufed in 
reafoning concerning the former condition of 
the earth, But, as I here offer a new idea upon. 
this fubje& of the fediments depofited by the 
waters that, in my opinion, gave rife to the up- 
per ftratum of the earth, it will not be improper 
to exhibit the reafons upon which it is founded. 
The vapours exhaled from the eaith produce 
rain, dews, thunder, lightning, and other mete- 
ors. Thefe vapours, therefore, are mixed with 
| particles of water, air, fulphur, earth, &c.; and 
it is the folid earthy particles which conftitute 
the flime or mud under confideration. The 
 pureft rain-water depofits a quantity of this 
mud; and, when a quantity of dew is colleted, 
and allowed to corrupt, it produces a greater 
proportional quantity of mud, which is faf, 
unctuous, and of a reddifh colour. | 
The upper firatum of the earth is compofed 
_ of this mud, mixed with particles of animal and 
vegetable fubftances, or rather with particles of 
ftone and fand. It is worthy of remark, that 
~ -moft arable land is reddith, and more or lefs 
blended with heterogeneous matters, ‘The pare 
ticles of ftone or of fand found in the upper 
 ftratum, are of two kinds; the one is grofs and 
heavy, the other fine, and fometimes impalpas 
ble. The grofs is detached from the inferior 
ftratum by labouring the ground: or, rather, 
the upper ftratum, by penetrating the inferior 
HOLD : | 0 | which 
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which is compofed of fand or gravel, for | 
what is called fat, or fertile fand. The finer 
fpecies proceeds from the air, falls down with © 
the dew. or rain, and ;intimately incorporates 
with the vegetable mould, or upper ftratum. 
This laft is nothing more) than the duft, tranf- 
ported by the. air, cee again depofited by rain 
or a moift atmofphere. When the quantity of © 
this mud is great in proportion to the particles. | 
of ftone or fand, the foil is red and fertiles. if it 
be comiderably mixed with animal and vegeta- 
ble fubflances, it is blackifh ; but, if the quanti- 
ty of mud and of vegetable and animal fübftan- 
ces be fmall, the foil is white and barren; and 
even when the particles of fand, ftone, or Mar 
which compofe thefe barren foils, are mixed. | 
with a confiderable quantity of animal and ve- - 
 getable fubftances, they become black and light, 
but have very little fertility. According, there- , 
fore, to the different proportions of. thefe three 
FORTS the foilis more or lefs. fertile, ang 
differently, coloured, , 

In order to acquire: "diftin@ ideas cohen 
the {trata; of the earth, we fhall take for an ex- 
ample the,pits at Marly-la-Ville, which are ex- ~ 
.ceedingly deep. This place is fituated in a high, 
-but flat and.fertile country, and its ftrata lie ho- 
rizontally. I procured fpecimens of all thete 
frata. in their, order from M, Dalibard, an emi- 
nent botanift, and a man of fcience; and, after 
haying proved, with, aqua fortiagthe nature of — 

lai sd | the” 
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the matters they refpeëtively confift of, I ar- 
ranged them in the following table, — 


Table of the different beds of earth at Marly-la- 
_ Ville, to the depth of 100 feet. 


Feet. Inch. 
1. A free reddifh earth, mixed with a | 
large quantity of mud, a little vi- 
trihable fand, and a greater pro- 
portion of colis ie fand, or gra- 


vel: ~ ~ - 13 
2, A free earth mixed with gravel | | 
and with more vitrifiable fand : :: 2 6 


1 3e Mud mixed with'a large quantity 
+ of vitrifiable fand, which made. 
but a fmall effervefeence with a- 


qua: fortis tb ne hants | 
4. Hard marl, which ae 
violently with aqua fortis 9-2 | 


5, A marly ftone very hard =) 
- 6. Marlin powder, mixed with vi- 
trifiable fand - = 5 
4, Fine vitrifiable fand' - “hr Ur 6G 
8. Marl refembling earth, mixed with 


a little vitrifiable hd CES ARE Rd 
9. Hard marl, in which was found 
© genuine flint . > im ha 
10. Gravel, or marl in powder.» - Le 
Carried over | 39 


L 2 
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Feet. Inch. 
| Brought over - 39 
Fglantine, a hard ringing ftone, of 


11, 

the grain of marble - NEARS 

en Marly gravel - - Qc 

13. Marlin the form of hard ftone, 

with a fine grain - ~ 11614 
14. Marl like ftone, with a coarfer 

grain - ~ erontt 04 
rs, Marl fill more grofs - 2 6 


16. Fine vitrifiable {and, mixed with 
foffil fea-fhells, which had no co- 
hefion with the fand, and which 


| ftill preferve their natural colours 1 

17. Fine gravel, or marl-duft  - 2 

18. Marl in the form of a hard ftone 3 6 
' 19. Marlin the form of coarfe powder 1 

20. Hard ftone, calcinable like marble I 


21. A gray vitrifiable fand, mixed with 
foffil fhells, particularly with oy- 
fters and fpondyles, which had no, 
cohefion with the fand, and were 


not petrified - - ie 
22. A white vitrifiable finds mixed 
with the fame fhells - - 2. 


23. A vitrifiable fand, with red and 
white ftreaks, and. mixed with 


the fame fhells - TRUE D Y 
24. A coarfer vitrifiable fand, mixed 
with the fame fhells = I 


Carried over. 64 


OR STRATAC 165 


feet. Inch. 
_ Brought over 64 
25. À fine, gray, vitrifiable fand, mix- 
| ed with the fame fhells - 8 6 
26. À fine unétuous fand, with very 


few fhells ~ - 3 
27. Brown free ftone . - Hé wth à 
28. Vitrifiable fand, ftriped with red. 
| and white . - 4. 
29. A white vitrifiable fand nie": 25, 0 
5 


30. À reddifh vitrifiable fand - I 
Total depth of the pit JoI 


I formerly mentioned, that I had examined 
all thefe fubftances with aqua fortis, becaufe no 
other teft can enable us to make real diftinctions 
between earthy bodies of the fame or of different 
appearances. ‘Thofe which effervefce and fud- 
denly diffolve, on the application of the aqua 
fortis, are generally calcinable. Thofe, on the 
other hand, upon which that acid makes no im- 
_ preffion, are vitrifiable, 

From this enumeration of ftrata it is evident, 
that the land at Marly-la-Ville was formerly 
covered with the fea, to the depth of 75 feet, 
{ince fhells are found 75 feet below the furface. 
‘Thofe fhells have been collected and depofited 
by the water, together with the fand, which 

contains them; and the whole fuperior ftrata, 
Han! the uppermoft, have been tranfported 
Lea ici thither 
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thither by the motion of the waters, and depo- 
fited in the form of fediment, as is apparent 
from their horizontal pofition, from the mixture 
of fand, fhells, and marl, which laft is compofed 
of decayed fhells; and even the upper ftratum 
has been almoft wholly formed of flime or mud, ~ 
with a {mall mixture of marl. 

I have chofen this example, becaufe it is leaft 
favourable to my theory; for it appears, at firft 
view, difficult to conceive how the mud. depo- 
fited by the dew and rains fhould produce a 
bed of vegetable foil 13 feet thick. But it 
ought to be remarked, that a foil of this thick- 
nefs is rarely to be found, efpecially in high | 
countries. The general run of foils are from 
three to four feet, and often they exceed not 
one foot. The foil is thickeft in plains fur- — 
rounded with hills; becaufethe rains daily bring — 
frefh fupplies from the higher grounds. But, “ 
abftracting from this fuppofition, it is plain, that 
the upper ftrata formed by the fea are thick 
beds of marl. It is natural to think, that the | 
upper ftratum was originally much thicker, 
‘and that, befide the 13 feet, the fea would, 
leave a confiderable quantity of marl. But this 
‘marl, being expofed to the action of the air, of © 
rains, and of the rays of the fun, would foon 
be reduced into a fine powder. The fea would. 
not leave this land fuddenly, but would con- . 
tinue for fome time occafionally to cover it, 
either by the motion of the tides, or by extraor- : 

| | |  dinary 


OÙ ES ESS ATH AT O x67 


_-dinary fwells during great ftorms ; and, of courfe, 
the upper ftratum would be mixed with mud, 
clay, and other flimy bodies. After being 
entirely above the reach of the waves, plants 

. would begin. to grow, and. the foil would 
-conftantly: accumulate, and be tinged. with a 
reddifh colour by the mud depofited by. dews 
and rain. Culture would, {till farther, increafe 
both its fertility and its thicknefs, and, by al- 
lowing the dews and rains to. penetrate deeper; 
would in. spaocels of time produce this foil of. 
13 feet. £ 

I fhall not here examine, whether the reddit: 

! colour of vegetable mould proceeds from a quan-, 

tity of iron contained in the mud depofited by 

_ rain and dews.. This point, which is.offome, | 
importance, fhall be difeufled when we come to 
treat of minerals. It is fufficient:to have given 
a view of the manner in which the: upper.ftra- 
tum has, been formed: We fhall now. prove,-by 

_ other examples, that the formation, of; the in- 
terior ftrata of the earth mutt likewife! have ori-. 

~ginated from the operation of,the waters. . . :. 

The upper ftratum of the globe, fays Wood- 
ward, that, magazine for the Diesen and fup- 
port of animals and vegetables, is moftly com- 
pofed of vegetable and animal matter, and is in 
perpetual fuCtuation,. All the animals and ve- 
getables which have :exifted fince the. creation, 
have fucceflively extracted from this ftratum the 
materials of which their bodies. are conftructed ; 
thefe they again reftore at their ed where 
d'a: de AD brewhoc they 


468 OF THE FORMATION 


they remain prepared for the fucceffive forma- 
tion of new bodies of the fame fpecies; the mat+ 
ter which forms one body being naturally dif- 
pofed to make another of the fame kind*. In 
uninhabited countries, where the woods are 
never cut, nor the herbs broufed by cattle, the 
{oil is conftantly augmenting. The foil, in all 
woods, even in thofe which are occafionally cut, 
“is from 6 to 8 feet thick, and has originated 
from the leaves, and other decayed parts of ve- 
grayed. I have often remarked, that, upon an 
old Roman way which runs acrofs Burgundy, 

the ftones with which it was conftructed are 
covered with a black mould of more than a foot 
thick, and that it nourifhes trees of a confiderable 
fize. This foil could only be produced by the gra- 
dual and fucceflive deftru€tion of vegetable bo- 
dies. As vegetables derive more of their fub- 
ftance fronrthe air and water than from the earth, 
when they decay, they add more to the foil 
than they extracted from it. Befides, forefts 
collect and retain vapours and moifture; and, 
of courfe, in old woods, the foil is greatly aug- 
mented. But, as animals reftore much lefs to 
the earth than they take from it; and, as men 
confume vatt quantities of | ied and Hens Tor! # 
fewel and other purpofes, 1 it follows, that the ve: | 
getable foil of populous countries muft conti=. 
nually diminifh, and become, in time, like thofe 
of Arabia Petrea ‘and other eaftern countries, 
which were le inhabited, here Sata is sil 
| | ; aN 10°. 

, #$ee Woodward’s Effay, p. 136. 
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#6 be found but fand and falts ; for the fixed falts 
of plants and of animals remain, while all the 
other parts volatilize, and are carried off by the 
air. 

Let us next éxamine the pofition and forma- 
tion’ of the interior ftrata, The earth, fays 
Woodward, wherever it has been dug, is com= — 
pofed of beds or ftrata, one above another, in 
_ the fame manner as if they had proceeded from 

 fuccefive fediments depofited by water. The 
beds which lie deepeft are thicker than thofe im- 
. mediately above them, and they are gradual- 
ly thinner till they arrive at the furface.  Sea- 
' fhells, teeth, and bones of fithes, are found in 
_thefe beds, and not only in thofe which are foft, 
as chalk, clay, and marl, but even in beds of 
hard ftone, marble, &c. Thefe produ&tions of 
_ the fea are incorporated with the ftone, and, 
when feparated, leave in the ftone the figure of 
their furface exaCtly delineated. ‘I was abun- 
_ © dantly affured,’ fays this author, ‘ that the cir- 
‘ cumftances of thefe things in remoter coun- 
“tries were much the fame with thofe of ours 
‘here: That the ftone,iand other terreftrial mat- 
“ter, in France, Flanders, Holland, Spain, Italy, 
‘Germany, Denmark, Norway, and Sweden, 
* was diftinguifhed into ftrata, or layers, as it is 
‘in England: That thofe ftrata were divided by 
‘ parallel fiffures: That there were inclofed in 
“the ftone, and all the other denfer kinds of 
* terreftrial matter, ce numbers of fhells, and 
| * other 
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‘ other produétions of the fea; in the fame man- 
“ner as in that.of this ifland.. To be fhort, by 
“the fame means: T got fufficient intelligence that 
* thefe things were found in like manner in Bar- : 
“bary, in Egypt, in Guiney, and other parts of — 
“Africa: In Arabia, Syria, Perfia, Malabar, 
“China, and other Afiatic provinces: In Ja- 
* maica, Barbadoes, Virginia, New England, 
* Brafil, Peru, and other parts of America: 
p. 6. 41. 42. &e, 
Woodward gives no authority for his affer- 
tion, that fhells are found in the ftrata of Peru, 
But as, in general, his fats are true, I doubt not 
but his information has been good; arid I am 
perfuaded that fhells exift in the ftrata of Peru, 
as well as every where elfe. I make this re- 
mark on account of a doubt which has been 
entertained, and which fhall afterwards’ be 
confidered. | | | 
In digging. a well at Amfterdam, 232 feet 
deep, the ftrata were arranged in the following 
order: 7 feet of vegetable foil,:9 feet of turf; 
9 feet of foft clay; 8 feet of fand ; 4 of earth; 
10 of clay ; 4 of earth; 10 of fand; 2 of clay; 
4 of {mall white fand; 5 of dry earth ; 1 of foft 
earth ; 14 of fand; 8 of clay mixéd with fand ; 
4 Of fand. mixed with fhells; ‘then 102 feet of 
clay ; and, /af#ly, 31 feet of fand!*, 1, : 
It is uncommon. to. dig fo deep before we 
find, water : But this fat is remarkable. in 
: See Varenii Geograph. gen. p.46. | - 
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many other refpeds. 1/7, It demonftrates that 
the fea communicates not with the interior parts 
of the earth by, means of filtration: 2d, That 
fhells are found 100 feet below the furface in a 
country extremely low; and, confequently, that 
the land of Holland has been elevated 100 feet 
by the fediments of the ocean: 3d, [t may be 
concluded, that the bed of clay of 102 feet, and 
the-bed of fand, 31 feet of which only had Rees 
dug, and whofe aGual thicknefs is unknown, lie 
near to the ancient and originaljearth that ex- 
ifted before the motion of the waters began to 
change its furface. In the frit article, it was 
remarked, that, in order to difcover the ancient 
earth, we rad dig i in the northern, rather: than 
in the fouthern regions; and in the low and 
plain, rather than in the elevated countries. | 
Thee circumftances nearly concurred in the pre- 
fent cafe. We only with that the pit had been 
dug deeper, and that the author had informed 
us, whether fhells, or other fea-bodies, were in- 
termixed with the laft ftrata of clay and of fand. 
This experiment confirms what was formerly 
advanced, that the ftrata are always thicker in 
proportion to their depth. | 
The earth confifts of parallel and horizontal 
firata, not in the plains only, but,.in general, the 
hills and mountains have the fame ftructure. 
The ftrata of the mountains are even more con- 
fpicuous than thofe of the plains; for the. plains 
are commonly spucred with great quantities of 
Hie ~ fand 
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a 


fand and earth bébabhé from the higher grounds 
by the waters; and, therefore, to find the ancient 
ftrata, we muft dig ie ob in the plains than int 
the mountains. 

I have often remarked, that, when thet top of 
a mountain is level, its ftrata are likewife level ; 
but, when the top ts not horizontal, the ftrata 
follow the direétion of its declivity. It has fre- 
quently been alledged, that the beds of quarries 
incline to the eaft. But in all the chains of 
rocks which I have examined, T found, that 


_ thefe beds always follow the dealivity of the hill, 


whether its direction be eaft, weft, fouth, or 
north. Jn raifing ftones Front the quarry, they 
aré always feparated according to their natural 
pofition; and, if cut in a contrary direction, it is 
impoflible to raife them of any confiderable fize. 
In all good mafonry, the workmen place the 
ftones in the direction in which they lay in the 
quarry. If laid in an oppofite pofition, they will 
{plit, and be unable to refift the weight of the 
incumbent building. Hence we may conclude, 
that ftones have been originally formed in hori- 
zontal beds; that thefe beds have been fucceffive- 
ly accumulated above each other, and have been 
compofed of materials, the refiftance of which 
is ftronger in that than in any other direction. 
Every ftratum, of whatever kind, whether it 
be horizontal or inclined, is of an equal thick- 
nefs through its whole extent. In the quarries 


round Paris, the: ftratum of good ftone 1s but a- 


bout 
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bout 18 or 20 inches thick throughout. In the 
quarries of Burgundy, the ftone is much thicker. 
The fame inequalities take place in marbles. 
‘The white and black marbles are thicker than: 
thofe that are coloured; and there is a hard ftone: 
with which the people of Burgundy cover their 
houfes, that exceeds not an inch in thicknefs, 
Thus, different ftrata differ much with regard to: 
thicknefs ; but each firatum uniformly preferves 
the fame thicknefs through its whole extent.: 
This difference is fo great, that ftrata are to.be 
. found, from lefs than a line, to 1, 10, 20, 30, 
and 100 feet thick. Both ancient and modern: 
quarries, which are dug horizontally, the thafts. 
of mines, and the working of lead, either longi- 
tudinally or pais peaelencs prove that ftrata ex-, 
tend a great way onallfides, ‘ It is well known,’ 
as the hiftorian of the academy obferves, É that 
‘ all ftones have originally been a {oft paite, and. 
‘that, as ftones are almoft every where to be 
‘ met with, the furface of the earth, in all thefe 
‘ places, at leaft to a certain depth, muft have | 
‘ confifted of mud and flime. . The fhells found 
‘in moft quarries demonftrate, that this mud 
* was an earth diluted by the water of the fea ; 
‘and, confequently, that the fea once covered 
‘all thefe places ; but the fea could not cover 
‘them, without, at the fame time, covering all 
‘ places: that were lower, or on the fame level. 
# Now, it is impoffible that the fea could cover 
all thofe places where there are quarries, with- 
3 ‘ out 
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“out covering the whole furface of the globe, 
“If the mountains were then formed, the fea 
‘mutt alfo have covered them; for they are full 
“of rocks and quarties, and fhells are often 
* found in them. . 

‘The fea, then,’ continues: he, * covered the: 
‘whole earth; and hence all the beds of ftone: 
“inthe plains are horizontal and parallel : The’ 
‘ fifhes, therefore, were the moft ancient inha-; 
‘-bitants of the globe; for neither land-animalé: 
nor birds could exift. But:how has the fea 

‘ retired into thofe vaft bafons which it now oc- 
“cupies? The moft natural fappoñtion is, that 


“the earth, at leaft to a certain depth, was not. - 


«mae equally folid, but interfperfed with vaft — 
* aus or caverns, the arches of which would: 
‘remain for a time, ahd at laft fuddenly fall in, 
“The waters would then rufh into thefe hollows, 
‘fill them up, and leave a part of the fiiiface 
‘dry, which would become a convenient habi- 
" tation for land-animals and birds.’ The fhélls 
“found in quarriés ftrongly confirm this idea ; 
“for nothing but the bony parts of fifhes coüld 
ify 0153 preferved fo long in the earth. Befides, 
“ fhells commonly lie in vaft maffes in ét 
‘ parts of the fea, where they remain immove- 
‘able, and form a fpecies of: rocks or banks ; 
“they could not, therefore, follow the fea, whibh 
“‘fuddenly a biltidinke ther; otis for this! Taft 
‘reafon that we find fuch numbers of. foffil- 
__ * fhells,and fo few veftiges of other fifhes, which 


¢ e 
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“is a farther proof that the waters retired with 
‘ rapidity into their prefent bafons., When the 
‘ vaults funk down, it is very probable that 
“mountains were elevated by the fame caufe, 
‘and placed, upon the furface with rocks and 
* quarries already formed. But the beds of thefe 
* quarries could not preferve their original ho- 
‘ rizontal pofition, unlefs they were raifed exa@: 
“ly perpendicular to the furface, which would 
‘rarely happen. Thus, as we'formerly remark- 
“ed*, the beds of ftone in.mountains are all 
‘inclined to the horizon, though they be:paral- 
‘lel to each other; for they changed: not their 
* pofition with regard to one another, but with | 
‘regard only to the furface of the earth}.’¥ 
Thefe parallel beds of earth or of ftone, Which 
have been formed by fediments of the ocean, 
often extend to confiderable diftances:: We even 
find, in hills feparated by valleys, beds. of the 
fame materials upon equal Ievels; This’ obfer- 
vation ‘bas a perfect correfpondence with the 
equal altitudes of oppofite hills... The truth of 
this fact may be eañly eftablithed; for, ‘in all 
chills feparated. by narrow valleys, whines {tone 
or marble is found on one hill, we uniformly 
find thele very fubftances, “at the fame level, on 
the oppofite hill. .[ have traced a quarry of 
marble 12 leagues in length; its breadth is alfo 
confiderable, though I have not been ‘able to af- 
veértain it with ere T have often obferved, 
| that 
A See Me je V Acad. ann, 1705: Pp. 30. 
Ÿ Ibid. ann, 1716, p. 14 
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that this bed of marble has every where the fame 
thicknefs ; and that, in hills feparated by a val- 
ley of 100 feet deep, the fame bed always ap- 
peared at the fame altitude. I am firmly per- 
fuaded, that this obfervation holds with regard 
to all quarries of ftone or of marble which con- 
tain fhells; but it applies not to beds of free- 
ftone. We {hall afterwards explain why free~ 
{tone is not difperfed, like other matters, in ho- 
rizontal beds, but in blocks, irregular bork in 
form and pofition, 

It has likewife been reniarkedi! that, on the 
oppofite fides of ftraits of the i the firata are 
the fame. This obfervation is important, and _ 
. may lead to the difcovery of thofe necks of iand, 
or iflands, which have been feparated from the | 
Continent. It proves, :for example, that Eng~ ~ 
Jand has been feparated from France, Spain from 
Africa, and Sicily from Italy: And it is to be 
regretted, that the fame obfervation has not been 
made upon all ftraits I have no doubt but it — 
will hold univerfally. We know not, whether, . 
in the ftraits of Magellan, the longeft we are — 
acquainted with, the fame ftrata are to be found 
at the fame latitude, But we perceive, from very | 
exact charts, that the oppofite coafts, which are. 
high, have correfponding angles like thofe ob-_ 
fervable in our inland mountains; and this far- 
ther proves Terra del Fuego to have been for- 
merly a part of the Continent of America. The 
fame remark has been made with regard to the” 


ftrait 
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{trait of Frobifher; and the ifland of Friefland 
appears to have been feparated from the conti- 
nent of Greenland. 

The Maldivia iflands a are feparated from each 
other by {mall: branches of the fea; and, on each 
lide of the oppofite iflands, the ftrata of rocks, 
&c, are the fame. Thefe iflands, which, when 
taken together, extend “about 200 leagues in 
length, were formerly one. They are divided 
into 13 provinces, called Cluffers. Every Clutter 

contains a great number of fmall iflands, moft 
of which will foon be under water. It is re- 
_markable, that each of thefe 13 Clufters is fur- 
_ rounded with a chain of rocks of the fame ftone, 
and that there are only three or four {mall and 
dangerous openings, through which each of them 
can be approached. » They are all placed ina 
line, with their ends to each other, and z appear 
evidently to have been once a long: mountain 
crowned with rock *, | 

Several authors, as Verflegan, Twine, Som- 
mer, but particularly Campbell, in his defcrip- 
tion of the county of Kent, give. ftriking 
proofs that England was formerly joined to 
France, and that the neck of land that divides 
them had been carried off by the fea, which -re~ 
tired, and left a great quantity of low marfhy 
ground. along the fouthern coafts of England. 
4s a farther proof of this fa&, Dr Wallis has 
attempted to fhow af: sanity Lois the an= 

BAVIOL FS a ct NE Ho iF cient | 

See Voyag. ite Franc. hes vol, 1. p. té 
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ecient language of tie Gauls and that of the 
Britains; and he adds feveral other remarks, 
which fhall be related in the following articles. 

Jf travellers obferved the figure of lands, the 
polition of mountains, and the windings of ri- 


vers, ries would perceive that oppoiite Lan are | 


not only compofed of the fame materials, at the 
fame altitudes, but that they are alfo nearly of 


an equal height. Invall the places where have — 


travelled, EF uniformly remarked this equality in 
the height of oppofite hills, efpectally when they 
are feparated by valleys not above a fourth or a 
third of a league wide, In valleys of greater 
width, it is difficult to judge of the height or e- 
quality of hills; for, on looking over a level 
and extenfive plain, it appears to rife; and di- 
flant hills feem to fink. But this is not the 
place to account for thefe phaenomena. Be- 


fides, it is not eafy to determine, by the eye, the : 


middle of a large valley, unlefs it be traverfed by 


ariver. But, in narrow valleys, the judgment of ! 


the eye is more certain. ‘Phat diftri€t of Burgun- 
dy comprehended between Auxerre, Dijon, Au- 
tun, and Bar-fur-feine, of which a confi- 


derable portion is called Je Bailliage de la 
Montagne, is one of the moft elevated parts of © 
France. From one fide of thefe mountains, 


which are only of the fecond order, the water 


runs to the ocean, and, from the other, to the 
Mediterranean. These are points of partition, 


as at Sombernon, rigs in Auxois, ae where 


thal | | 


+ | 
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the water may be turned at pleafure, either to 


the ocean or the Mediterranean, This high 
country is interfected with a number of fimall 
valleys, and moft of them are watered with ri- 
vulets. Here I have a thoufand times obferved 
the correfponding angles of the hills, and their 
equality as to height; and I can with confidence 
_afhrm, that the faliant or prominent angles are 
uniformly oppofed to the concave ones, and that 
the heights of the two fides are nearly the fame. 
The farther we advance in this high country, 
where are the points of partition mentioned a- 


bové, the mountains rife the higher. . But this 


height is always the fame on the oppofite fides 
of the valleys, and the hills rife or tall equally. 
The fame obfervation | have repeatedly made in 
feveral other provinces of France; but they 
tend not to very high mountains; for thefe are 
amore irregular as to height, and often terminate 
in unequal points or peaks, In frequently tra- 
» verfing the Alps and Appennines, I obferved, 
that the angles, in effect, correfponded; but that 
it is almoft impoflible to judge, by the eye, con- 
cerning the equality or inequality in the heights 
of sppatite mountains; becaufe their tops are 
Joft in the clouds. 
The different flrata compofing the earth are 
" not arranged according to their f{pecific gravities. 
Beds of eave matter are frequently placed 
above thofe of lighter. Solid rocks are often 


~ 


fupported by beds of earth, clay, or fand, which 


M 2 x Ë are 
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are ae inferior in esas gravity. This is 
the cafe with moft hills, and is ealily perceived. - 
But, in high mountains, the fummits are not on- 
ly rocks, but thefe rocks are fupported by others; 


and this fru@ure runs through fuch an extent - 


of country, where one mountain rifes out of ano- 
ther, that it is difficult to determine whether 


they are founded on earth, or of what nature : 


this, earth is. I have feen rocks cut perpendi- 


cularly for fome, hundreds of feet; but thefe | 


rocks refted upon other rocks, without my be- 


"Ang able to perceive where they ended. May ! 
we not, however, be allowed to conclude from © 


the lefs to the greater ?. Since the rocks:of {mall | 


mountains, the bafes of which are vifible, reft 
upon earths lefs heavy and lefs folid than ftone, 
is it not reafonable to think, that earth is like- 
wife the bafis of high mountains? Befides, all I 
have here M NE pt to prove, that heavy 


bodies might be accumulated, by the motion of | 


the waters, above light ones; and, if this really 
takes place in moft hills, it is ‘probable that it has 


happened in the manner pointed out by my. 
theory. But, fhould it be objected, that I had 
no reafon to fuppote, that, prior to the forma- 


tion of mountains, the heavier i matter was below 


+f 


the lighter; T anfwer, that [affirm nothing with” 


regard to this article; becaufe there are many 


ways by which this Re might be produced, a 


hte the heavy matter was above or below, 


r placed indifcriminately ; For, in. order to | 
4 


conceive. d 7 
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conceive how the fea could firft form a moun- 
tain of clay, and then crown it with rocks, we: 
have only to confider, that the fediment might 
be tranfported from different places, and that 
they might confift of differént materials, The 
fea might tranfport from one place feveral fedi- 
ments of clay, and afterwards depofit fediments 
of {tony matter ; either becaufe all the c] ay at 
the bottom, or on the coafts, was exhaufted, 
and then thé waves would dick the rocks; or, 
‘rather, becaufe the firft fediments were tran£- 
ported from one place, and the laft from a dif- 
ferent one. Belides, the latter correfponds ex- 
aûly with experience; for, it is a known fad, 
“that beds of earth, ftone, gravel, fand, dc. fal: 
low no rule of arrangement, but are placed in- 
differently, and, as it were, by chance, one above 
“another... a 
This chance, however, ought to have fome | 
‘rules, which can only be aichhered by analogy 
and probable conyeCture. We have feen, that, 
according to my theory of the formation of the 
‘globe, its interior parts fhould confit of vi- 
trified matter, fimilar to vitrified fand, which is. 
only the fragments of glafs, and of which the 
clays are the fcoriae, or decompofed partsi: 
Agreeable to this fuppoñtion, the centre of the 
earth, and even near.the furface itfelf, fhould, 
be pe of glafs..or vitrified matter: and: 
above this fhould be found: fand, clay,and other | 
Mcoriae. : Thus, the earth, ‘in its original, flate, 
nn ii M 3 was 
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. was a nucleus of glafs, or of vitrified «matter, 


either compact like glafs, or divided like fand, 


(for that circumftance depends bn'the degree of 
heat applied); above this matter was fand; and, 


laftly, clay. The foil, or external covering, 
was produced from the air, and the mud of wa- 


ter; and it is more or lefs thick according to the « 


fituation of the ground; more or lefs coloured, 
according to the different mixtures of mud, 
fand, clay, and the parts of decayed animals and 
vegetables; and more or lefs fettile, according to 


‘the singed or,deficiency of thefe parts. Tom 
fhow that this account of the formation of fand w 


and clay is not altogether i et mn i hall add . 


a few remarks, 
I fuppofe the earth, in its Grft Rate, +t to have 


2 


been a {pheroid of compact glafs, covered with — 
a thin cruft of pumice-flone, and other feoriae 


of melted matter. The agitation of the air and 
of the water would foon reduce this cruft of 


pumice into powder or fand, which, by uniting 
into matics, would give rife to free-ftone and” 
flints, the varieties of which, with regard to co= 


lour and denfity, depend upon the different de 


grees: of finencfs of the fand that compofed — 
) 


them, 


The conftituent parts of fand unite by the 
application of fire, become very hard, compact, | 
and more or lefs tranfparent, according to the 
purity of the fand: But, on the other hand,” 


when expofed to the action of the air, it: exfo= 


liates, 
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) iates, falls down in the form of earth, and may 
thus produce clays of different kinds. This duff, 
which is fometimes yellow, fometimes brilliant, 
and is ufed to dry writings, is nothing elfe than 
a fine fand, fomewhat corrupted, and nearly re- : 
- duced to an elementary ftate. Its particles, in 
time, become fo attenuated and divided, that 
they lofe the power of refle&ing light, 4e aca 
quire all the properties of clay. On examining 

a piece of clay, many of thefe fhining or talky 
particles appear; becaufe they have not yet en- 
. tirely loft their original form. Sand, therefore; - 
_in procefs of time, may produce clay; and this 
clay, by a farther divifion, acquires the qualities 
of mud or flime,a vitrifiable matter of the fame 
nature with clay. 

This theory is confirmed by daily experience. 
Tn wafhing fand, the water becomes impreg- 
nated with a black, foft, fatty earth, which is. 
| a genuine clay. The mud fwept from freets 
paved with free-ftone is black and very fat, 
and, when ‘dried, it difcovers ‘itfelf to be an 
earth of the fame nature with clay. Clay, taken 
from places where there is ‘neither flint nor 
free-ftone, and dituted with water, always pre- 
_ cipitates a great quantity of vitrifiable fand, 

But, what clearly demonfirates the exiftence 
_ of fand, and even of flint and glafs, in clay, 4s, 
that the reunion of its parts, by the action ‘of 
fire. reftores it to its or'vinal form. Clay, when 


‘rio to the degree uF calcination, is covered 
with 
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With a hard coat of enamel; if its internal parts 


are not vitrified, they become fo extremely hard 


as to relift the file; they flrike fire with the 


hammer, and acquire all the properties of flint: « 


A great degree of heat melts and converts them 
into real glafs. 


Clay and fand, therefore, de fubftances per 


fe&ly analogous, and of the fame kind. If clay 
can be condenfed to flint, and: even to glafs, why 
may not fand, by refolution, become clay? 


Glafs appears to be the true clementary earth, M 
and all mixed bodies are only giafs in difguife. 


oO 


Metals, minerals, falts, &c. are-only a vitrifiable # 


earth: Common ftone, and other analogous bo- 
dies, teftaceous and cruftaceous fhells, &c, are 
the only fubftances- which cannot-be vitrified, 


and which feem to form a diftinG clafs...The — 
former, by the action of fire, may be converted 


into a homogeneous, hard, and tran{parent fub- 


itance, without any diminution of its weight, — 


and upon which no farther change-can be made. 


The latter, on thé contrary, which confift of . | 


more active and volatile principles, calcine in — 
the fire, lofe more than a third of their weight, 
and refume the form of fimple earth, without * 


any other change than the refolution of. their 


conitituent parts. If thefe bodies be excepted,’ « 


which are few in number, and of which the 


combinations produce few varieties in nature, — 
all other fubflances, and particularly clay, may 


be converted into glafs, and,. confequently, are 


only 
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_ only glafs in a decompofed ftate: If fire quickly 
vitrifies thefe fubftances, glafs itfelf, whether 
fimple, or in the form of fand or flint, naturally, » 
but by a flow and infenfible progrpls, refolves 
into clay. 

In countries where flint is the predominant 
fione, the fields are commonly. ftrewed with its. _ 
fragments: If the place be uncultivated, and 
if a flints have remained long expofed to 
the air without being moved, their upper 
furface is always white ; but the furface next 
the ground preferves its natural colour, which is 
_ very brown. When thefe flints are broken, the 
_ whitenefs appears to be not fuperficial only, but 
penetrates more or lefs into their internal parts, 
and forms a belt, which in fome is not very 
- deep, but, in others, occupies nearly the whole 
fione. This white part is fomewhat granulated, 
perfectly opaque, as tender as free-ftone, and 
adheres to the tongue like the boles. But the 
_ other portion of the flint is fmooth and polifhed, 
has neither thread nor grain, and preferves its o- 
riginal colour, its tranfparency, and its hardnefs. 
When this half decompofed flint is put into a 
furnace, the white part becomes red like a brick, 
_ and the brown part becomes exceedingly white. 
Why fhall we conclude, with a famous natura- 
lift, that flints of this kind are imperfeét, and 
that they are not old enough to have acquired 
their perfe@ ftate? For why fhould they be all 
Rare! And HE. fhould they be uniformly 
: imperfect 


re " 
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imperfect on the fide only that is expofed to the 
air? Jt is, on the contrary, much more probable, 
that they are changed from their original ftate, 
and partly decompofed, and that they are gra- 
dually refolving into clay.or bole. - If this rea- 
foning fhould appear to be unfatisfaétory, ex- 
pofe to the air the hardeft and blackeft flint, in 
lefs than a year the colour of its furface will be 
changed; and, if the experiment be farther pro- 
fecuted, the fint will be found gradually to lofe 
its hardnefs, its tranfparency, and its other fpe- 
cific characters, and make cay approaches to 
the nature of clay. 

Sand undergoes the fame changes as flint. 
' Every grain of | fand may, perhaps, be confidered 
as a {mall flint, and every piece of flint as a col- 
lion of fine fand cemented together. ‘The 
firft example of the decompofition of fand is 
éxhibited in that fhining but opaque powder, 
called mica, with which clay and flate are al- 
ways impregnated., The quartz, or perfectly 
tran{parent flints, in decompofing, produce fat — 
and foft talks, fuch asthofe of Venice and Ruf- 
fie, which are as ductile and vitrifiable as clay ; 
and it appears, that talk is the mean between 
élafs, or tranfparent flint, and clay ; but that the 
grofs and impure flints, in decompofing, are | 
converted into clay without any fan at aut 
Hater ee 

‘Sit made glafs undergoes the fame tia aire : 
when long expofed to the: ‘ait, it’ decompofes, 
and, as it were, corrupts. At firft, it aflumes a 


number # 
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number of colours, then it exfoliates, and, in 
handling it, we perceive that many thining par- 
ticles fall off. But, when its decompofition is 
farther advanced, it bruifes between the fingers, 
and is reduced toa very white, talky, and impal- 
pable powder. Art alfo imitates nature in the 
decompofition of glafs and flint. ‘Eft etiam 
*certa methodus, folius aquae’ communis ope, | 
‘ filices et arenam in liquorem vifcofum, eun- 
* demque in fal viride convertendi, et hoc in ole- 
‘um rubicundum, &c. Solius ignis et aquae 
‘ ope, fpeciali experimento, duriflimos quofque 
* lapides in mucorem refolvo, qui diftillans fub- 
“tilem fpiritum exhibet, et oleum nullis laudi- 
‘ bus praedicabile *, 

Thefe matters fhall be more filly confidered 
when we treat of metals. We fhall here only 
add, that the different ftrata of the globe confift 
either of materials which may be confidered as 
actual vitrifications, or analogous to glafs, and 
pollefiing its moft effential, qualities. It is ao - 
evident, that, from the decompofition of glafs — 
and flint, which daily takes place, there jrefults 
a genuine clay.. Hence we may ‘conclude, with 
a high degree of probability, that fand and clays: 
have originally been thefcoriae of burnt matter, 
elpecially when we join to the above circum- 
ftances, the proofs. a priori which have been em- 
ployed to fhow that the earth was formerly in 
a ftate:of liquefaction occationed. by the ‘opera- 
tion of fire. 


PROOFS 
_ Vid. Becher. Phyf. Subterr, 
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Of Shell, and ibe productions of the ai found 
in the Interior Parts of the Earth. 


[rises often examined quarries, the ftones of 
which were full of thells. I have feen whole 
hills compofed of fhells, and chains of rocks in- 
termixed with fhells detuah their whole extent. 
The’ quantity of fhells, and other produ@ions 
of the fea, is, in many places, fo prodigious, that 
it is difficult to believe any more of them 
exifted in their natural element. “It is from 
this enormous quantity that no doubt re- 
_ mains of the earth’s having continued for a very 

long time under the waters of the fea. The © 
number of fea-fhells found in a foffil or petri- | 
fied ftate is fo amazing, that, were it not for 


» this | 


¢ 
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this circumftance, we never fhould have had a 
proper idea.of the furprifing quantities of thofe 
animals to which the ocean gives birth. ..We 
muft not, therefore, imagine, like thofe> who 
talk and reafon concerning things they never 
' faw, that fhells are only to be found fcattered 
«here and there by chance, or in {mall heaps, like 
thoie of oyfters thrown from our doors, ‘They 
appear, on the contrary, in mañles like moun- 
tains, in banks of 100 or.200 leagues in length. 
They may often be traced through whole pro 
vinces, and in maffes of 50 or 60 feet thick, 
{t is only after-having learned thefe facts that a 
man is entitled to reafon on this fubje&. 


The fhelis of Turenne may ferve asa ftriking 


example. Let us attend to the defcription given 
-of them by the hiftorian of the Academy *. 
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y Though figured flones, and even foffil fhells 


“ found in the bowels of A earth were remark- 


ed in all ages and nations, they were generally 
confidered, even by philofophers, as lufus.na- 
turae; the production of them was afcribed 
to chance, or to fome unaccountable and for- 
tuitous train of circumftances; and, of courte, 
this wonderful phaenomenson ied nothing 
to the ftock of knowledge. An ignorant pot- 
terin Paris +, who ie neither Greek nor 
Latin, about the ene of the 16th century, was 

| “ the 


* Année 1720, p.56. 
ott The correfpondence of Palifly’s ideas with thofe of the 


“ancients, 15° worth. remarking. ‘ Conchulas, arenas, buccinas, 


€ calculos 
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© the firft man who ventured, in oppofition to 
all the learned, to affirm, that foffil fhells were 
real. thells originally depofited by the fea, in 
thofe places where they are found; that real 
animals, and particularly fithes, beftowed on fi- 
gured ftones their various forms, &c.; and he 
* boldly defied the whole fchool of Ariftotle to 
invalidate his proofs. His name was Bernard 
Paliffy; and he was perhaps the moft confpi- 


€. 


¢ 


cuous example of a philofophical genius, un- 
improved by art or learning. His fyftem, 
however, has lain dormant for near acentury, 
‘ and even his name has almoft been forgot. 
‘At laft, feveral philofophers revived Paliffy’s 
‘ ideas; and fcience has derived great advantage 
‘ from all the foffil fhells and figured ftones 
‘ which have appeared in the earth: They are 
‘ now, perhaps, become too ‘common, and the 
‘ confequences drawn from them too incon-" 
* teftible. 
© But Reaumur’s late obfervations on the fub-. 
© je& are aftonifhing. He difcovered a mais — 
‘ below ground of 130,680,000 cubic fathoms — 
© of fhells, either whole or in fragments, with- 
© out the leaft mixture of flone, earth, fand, or 
‘ other foreign matter. Before this remarkable 
 inftance, foffil fhells never appeared in fuch 
‘ enormous quantities, nor silt one being mixed — 
‘ with à 


¢ calculos varie infeétos, frequenti folo; quibufdam etiam in mon- 
‘6 tibus reperiri, certum fignum maris alluvione eos coopertos — 
¢ locos volunt Herodotus, eats Strabo, Seneca, Tertullianus, | 
 Plutarchus, Ovidius, et alii;? Vide Daufqui, Terra et aqua, p. J+ 
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‘ with other bodies. : This prodigious mafs lies — 


Cal 
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in Turenne, more than 36. leagues from the 
fea. It is of, great fervice to; the, peafants of 
that province ; they ufe the fhells for marl in 
fertilizing their, lands, which would otherwife 
be perfe@ly barren. | 
€ What the peafants dig out sy, the earth, to 
the depth of eight or nine feet, confifts only 
of fragments of fhells ; but thefe fragments are 
eafily recognifed to.be thofe of real fhelis ;-for 
they fill retain their original channels or fur- 
rows, and have only loft their luftre and var- 
nifh, as moft fhells do, after having remained 
long under ground. The {malleft fragments 


are only dult; but we know them to be the 


duft of fhells, becaufe they confift of the very 
fame matter with the larger fragments, and 
the entire fhells, which are fometimes found: 
The fpecies both .of the large fragments and 
of the entire fhells, are eafily diftinguithable. 
Some of thefe fpecies belong tothe coaft of 
Poitou, and others of them to foreign fhores. 
This LE likewife furnithes corals, and other 


productions of the fea. Falun is the name by 


which this matter is diftinguifhed in that pro- 
vince; and it is found, wherever the ground 
is dug, through an extent of about nine leagues 
fquare. The peafants never dig deeper than 
about 20 feet; becaufe, fays Reaumur, they 
imagine that the expence of labour would ex- 
“ceed the value of the commodity. They might, 
| ‘however, 


(! 
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‘ ÉESE dig deeper. But our calculation of — 


* 130,680,000 cubic fathoms proceeds upon the 


‘fuppofñition of only 18 feet deep, and 2200 
‘ fathoms to the league. Every article, there- 


‘fore, is undervalued, and this mafs of fhells 
‘muft greatly exceed the above calculation; if 
_ “the quantity be only doubled, this wonderful 
‘ Lacan will be greatly augmented. 
‘In phyfical facts, there are little circumftan- 
‘ ces, often seeaookell by the bulk of mankind, 


“which are, notwithftanding, | of great safe | 


‘ quence in illuftrating the fubje&. M. de Reau- 
‘mur has remarked, that all the fragments of 
‘ {hells lie horizontally in the great mafs; from 
‘which he concludes, that the fragments were 
‘not depofited at the fame time with the entire 


‘ fhells which originally formed this mafs; be 
‘caufe, fays he, the-fuperior fhells would, by 


‘their weight, have broken the inferior ones, 


‘and the. Frabitienté in that cafe, would necef- : 


‘ farily have been difpofed i in a thoufand differ-- 
‘ent directions. The whole, therefore, whether | 


‘entire or broken, muft bikie been gradually 


“tranfported thither by the:fea, and, of courfe, © 

‘their pofition muft have been horizontal. But, 
“though time alone was fufficient to breakthem M 

* down, and even to calcine them, it could not « 
* vary Hiei original pofition. : "Tee tranipor- : 


* tation muft have been gradual; for, it is im 
© poffible that fuch an immenfe number of fhells 


* could ue oe crouded FOSAPA ES and yet f 


‘ preferve 


Ÿ 
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* preferve a pofition uniformly horizontal ; and 
* their being aflembled in one place, demonftrates 
‘this place to have once been the bottom of a 
‘ gulf or bafon. : 

* Though there are many veftiges of the uni- 
_ © verfal deluge which is recorded in fcripture, yet 
_ “the mafs of fhells at Turenne could not be an ef- 
“fect of this deluge. Perhaps fuch an amazing 
* mafs is no where to be found, even in the bot- 
“tom of the fea. - But, fuppofing the deluge to 
“have forced fuch a quantity from the ocean, 
“they would neceflarily be carried off with vio- 
“tence and precipitation ; and, confequently, 
‘ could never have been depolited in the fame 
* pofition. They muft have been tranfported, 
—* flowly floating in the waves; and, of courfe, - 
“their accumulation would require a much 
* longer time than a year. 

“Upon the whole, it is plain, that, either be- 
“fore or after the deluge, the earth, at leaft fome 
_* parts of it, muft have been in a very different 

“fituation from what it now appears ; that the 
“fea and land muft have had a different arrange- 
‘ment; and that there was formerly a great 
* gulf in the middle of Turenne. The changes 
“recorded in hiftory, or even in ancient fable, 
“are inconfiderable ; but they give us fome idea 
_* of what might be produced in a long feries of 
“ages. M. de Reaumur conjectures, that Tu- 
* renne was formerly a gulf of the fea, and that 
* the fhells were tranfported by a current, ‘But 
""Vor,lI. N this 
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‘this is only a mere conjecture, thrown out to 
*‘ fupply the place of a fact as yet imperfectly 
‘known. Before any certain conclufion can 
‘ be drawn, we muft have geographical charts of 
‘ all thofe places where fhells are found below 
‘ the furface of the earth. To accomplith this, 

‘much time and numberlefs obfervations are 

‘ requifite. Science, however, may in time be 

* carried thus far.” 4 

An attention to the following te 
will soe our furprife at this great collection of 
fhells: 1. Shell-fith multiply prodigioufly, and 
arrive: at maturity in a very fhort time. The 
multitude of individuals in every fpecies is a 
-demonftration of their amazing fertility. In a 
fingle day, for example, a mafs of oyfters, of 
feveral fathoms in thicknefs, is often raifed; 
the rocks to which they are attached diminith 
confiderably ‘in ‘a fhort time ; and fome’ banks 
are entirely ‘exhaufted. The: following year, 
however, furnifhes an equal quantity, and not 
the {malleft diminution :appears. It is even 
doubted, whether a natural bed of :oyfters was 
ever entirely exhaufted.) 2. The fubftance of 
fhells is analogous to that of ftone; they are 
long preferved when immerfed in foft matter ; 
and they eafily petrify when connected with 
matter naturally, hard; thefe foffil fhells, there- 
fore, and other produGions of the fea found on 
land, being the {poils of many ages, muft necef- 
farily have accumulated into large mañles, ...* 


ES fe - ; We | 
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We have already remarked the prodigious 
quantities of fhells preferved in marble, lime- 
ftone, chalk, marl, &c. They appear in 
maffes like hills or mountains; and they of- 
ten compofe more than one half of the bodies 
in which they are contained. Sometimes they 
appear entire, and at other times in fragments, 
but large enough to enable us to diftinguifh their — 
refpective fpecies. Here our knowledge of this 
fubje&, derived from obfervation, ftops. But I 
go farther, and maintain, that fhells are the me- 

dium employed by nature in the formation of © 

_moft ftones; that chalk, marl, and lime-ftone, 
-confift entirely of the duft or fragments of fhells ; 
and, confequently, that the quantity of decom- 
pofed fhells is infinitely greater than that of 
thofe which have been preferved. Thefe pofi- 
tions fhall be fully eftablithed in the feétion up- 
on minerals; and I fhall only here exhibit the 
point of view in which the different ftrata of 
the earth ought to be confidered. The firft bed, 
in which nothing of the original ftru€ture ap- 
pears, is compofed of mud depofited by dews, 
tains, and fnow, and of particles of animal and 
vegetable fubftances. . The inferior beds of 
chalk, marl, lime-ftone, and marble, are com- 
pofed of the fpoils of fhells and other fea-bo- 
dies, mixed occafionally with entire fhells or 
fragments of them... But clay and vitrifiable 
fand are the materials which compofe the inter- 
nal parts of the globe. Thefe fubftances were 
| N 2 vitrified 
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vitrified at the time the earth affumed its figure, 
which neceffarily implies, that the whole was 
then in a melted ftate. The different fpecies of. 
granite, flint, free ftone in large mafies, flate, 
and coal, derive their origin from fand and 4 
clay, and are alfo difpofed in beds. But tufa | 
and pumice, free-ftone and flint in fmall or de- 
tached pieces, cryftals, metals, pyrites, moft 
ininerals, fulphurs, ec. are matters, the forma- 
tion of which is recent, when compared with 
that of marble, calcinable ftones, chalk, marl, 
and other fubftances that are difpofed in hori-. 
zontal beds, arid contain thells, or other relicks 
of the ocean. ! 
“ As*‘the terms I have employed may eer 
obfcure or ambiguous, it is neceffary to explain 
them. By clays, l' mean not only the white and ~ 
yellow clays, but likewife the blue, the foft, the | 
hard, the laminated, &c. which I confider to be 
the fcoriae of glafs, or the decompofitions of 
glafs. By /and, [always underftand vitrifiable 
fand; and | comprehend, under this denomina- 
tion, not only the fine fand which produces free- 
pene. and which I maintain to be the powder 
of glafs, or rather of tufa, but alfo that fand rub-. 
bed off free-ftone, and the fill grofler kind re- 
fembling fmall gravel, proceeding from granite 
and rock-ftone, and which is brittle, angular, and 
reddith, and generally found in the beds of thofe 
rivers which defcend precipitantly from hills or 
mountains © 


7 
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mountains compofed of granite or common rock. 
The river Armanfon, which runs by Semur in 
Auxois, where all the ftones are of common 
rock, carries down great quantities of this grofs, 
_ rough, and brittle fand. It is of the fame nature 
with rock-ftone, of which it is only {mall por- 
tions, as calcinable gravels are only particles of 
| OT Befides, rock-ftone and granite are 
the fame fubftances ; but I have ufed both terms, 
becaufe they are confidered by fome as different 
_ fpecies. The fame may be remarked of flints 
and of free-ftone in large mafles: Thefe alfo 
are fpecies of granite; and I call them flints in 
large mafles, becaufe, like calcinable ftones, they 
fare pHioiees in beds, and alfo to diftinguith them 
from flints and free eric! in {mall anes: as the 
round flints and fand-ftones, which have no con- 
tinuation, or are not found in beds of any ex- 
tent. ° Thefe are recent productions, and have 
» not the fame origin as flint and free-ftone in 
large mafles, which form regular and extenfive 
ftrata, Under flate I comprehend the blue, the 
white, the gray, the reddith, and all the plated 
ftones. Thefe bodies are generally found be- 
. low laminated clay, and feem to be nothing elfe 
but clay hardened into thin ftrata by drying 5. 
and this is the reafon of fo many cracks or fif- 
fures remarkable in fuch fubftances. Coal and 
jet are likewife referable to clay, and are found 
ander the laminated clays or flate. By tufa I 
#hean not only the common pumice which 16 


N 3 full 
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full of holes, and has an organized appearance, 


but all beds of ftone formed by the fediments of * 
running waters, all the ftalactites, incruftations, 


and every kind of ftone that diffolves by fire. 
It does not admit of a doubt that all thefe are 
new fubftances, and that they are conftantly 
growing. Tufa is only a mafs of flony matter, 
not Side OUR by regular ftrata. This mat- 
ter 1s commonly found in {mall hollow cylin- 
ders, is regularly fhaped, formed by rills or per- 
calations at the foot or upon the declivities of 
hills, and confifting of coats of marl or calcareous 


earth, The cylindric form is the fpecific cha- 


racter of this kind of tufa, and it is always ei- : 


ther oblique or ftraight, according to the direc- 
tion of the rills by which it is produced, The ex- 
tent of thefe fpurious quarries is inconfiderable, 
_and generally proportioned to the height of the 
mountains which furnifh the materials of their 
growth. The intervals between the, cylinders 
of the tufa, by the daily addition,of freth fiony 
matter, are at lait filled up, and the whole af- 
fumes a compact and folid form; but it never 


acquires the hardnefs of fone, and, for that rea= 
fon, is denominated by Agricola, marga rofacea 


fifulofa. In the tufa are often fénipd impref- 
fions of the leaves of fuch trees and plants as 
grow in the neighbourhood; land-fhells, well 
preferved, are likewife frequently found in the 


tufa, but never fea-thells; it is, therefore, a 
recent production, and ought to be ranked with | 


ftaladtites, 
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flalaités, incruflations, &c. All thefe new 
fubftances are a kind of fpurious ftones, formed 
by the wafting of others, but never arrive at the 
confiftence of real petrifaGion. 
Cryftal, precious ftones, every ftone that has 

a regular figure, and even flints in {mall mafles, 
and confifting of concentric coats, whether 
found in the perpendicular fifflures of rocks, or. 
elfewhere, are only exudations, or the concre- : 
ting juices of flint in large mafles; they are,. 
therefore, new and fputious produétions, the 
genuine ftalaétites of flint or of granite. 
Shells are never found in common rock or 
“granite, nor in free-ftone, although ‘they often 
appear in vitrifiable fand, from which free-ftone 
derives its origin. This circumftance feems to 
indicate, that fand, unlefs when perfe&tiy pure, 
cannot unite into free-ftone or granite; and that - 
a mixture of fhells, or of other heterogeneous 
bodies, totally prevents it from cementing. 1 
have often examined thofe fmall round ftories, 
found in beds of fand which are mixed with 
fhells, and never could difcover in them a fingle 
fhell. Thefe round ftones are true concretions 
of free-ftone, formed in thofe places where the 
fand is pure, and not mixed with heterogeneous 
matter ; which is the reafon why no larger mate 
fes are produced. 

We formerly remarked, that, at Amfterdam, 
which is a very low country, fea-fhells were 


found 100 feet below the furface, and at Marly- 
la- Ville, 
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la-Ville, 6 leagues from Paris, at the depth of | 
975 feet. They have alfo been found in mines 
below beds of rock of 50, 100, 200, and even ~ 
of 1000 feet thick, as is apparent in the Alps . 
and Pyrennees, where fhells and other fea-bodies 
are found in the inferior ftrata of immenfe 
rocks, which have been cut through in a perpen- — 
dicular direction. | But to proceed in order : 
Shells are found in the mountains of Spain, © 
France, and England, in all the marble quarries 
of Flanders, in the mountains of Gueldres, in 
all the hills round Paris, in thofe of Burgundy * 
and Champagne ; in a word, in all places where : 
the bafis is not compofed of free-ftone or tufa; 
and, in all thefe places, the fubftance of the ; 
ftones confits more of fhells than of any other 
matter. By fhells, I mean not only the re= — 
mains of fhell-fith, but likewife thofe of crufta- — 
ceous animals, the briftles of fea-hedge- -hogs, 
and all the productions of fea-infeéts, as co- 
rals, madrepores, aftroites, &c. | Any man may | 
be convinced, by the evidence of his own eyes, - 
that, in moft marbles and calcinable ftones, the 
proportion of fea-bodies is fo great, as to exceed _ 
the matter by which they are united. 
But, farther, fea-bodies are found even on the 
tops of the higheft mountains of the Alps; for 
example, on the top of Mount Cenis, in the 
mountains of Genes, in the Apennines, and in © 
moft of the flone and marble quarries of Italy. 


4 They appear in the ftones of which the moft : 


ancient — 


\ 
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ancient buildings in Rome are conftrudcted, in 
the mountains of ‘Tirol, in the centre of Italy, 
on the top of Mount Paterne near Boulogne, in 
the hills of Pouille, in thofe of Calabria, in many 
parts of Germany and of Hungary, and, laftly, 
in all the high grounds of Europe *. 

In Afia and Africa, travellers have obferved 
fea-fhells in feveral places; for example, ‘ upon 
‘ the Caftravan mountains, above Baruth,’ fays 
er T, ‘ where there isa curious bed of whitifh 
‘ ftone, but of the flate-kind, which contains, in 
every fleak of it, a great toknbet and variety 
of fifhes. ‘Thefe, for the moft part, lie ex- 
ceedingly flat and comprefied, like the foffil 
fern plants; yet, at the fame time, they are fo 
well préferved, that the fmalleft ftrokes and 
lineaments of their fins, fcales, and other fu- 
perficial diverfities, are eafily diftinguifhed.” 
_ Between Cairo and Suez, and particularly upon 
all the hills of Barbary, fays the fame author, 
are many petrified fhells and echini; moft of 
them exactly correfpond with the different {pe- 
cies fill exifting in the Red Sea. Asto Europe, 
petrified fifhes are to be met with in Switzer- 
land, Germany, the quarry of Oningen, &c. 

Foffil fhells, fays M. Bourguet, are to be 
found in the long chain of mountains ftretch- 
ing from Portugal to the moft eafterly parts of 
China, in the valleys of Europe, and in all the 
| | mountains — 

* See Steno, Ray, Woodward, &c.  }. See Shaw’s travels, 
P+ 344: 
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mountains of Africa and America; and hence, 


he remarks, we may conclude, that they allo. 


exift in thofe parts of the globe with which we 


are fill unacquainted. 
Thé iflands of Europe, of Afia, and of Ame- 


rica, wherever men have had occafion to dig, 


whether in the mountains or in the valleys, 


furnifh many fpecimens of fofhl fhells ; and 
this circcumftance demonftrates, that iflands are 
analogous in ftructure and formation to their 
neighbouring continents *. 

Thefe facts are dieses to prove; that foflil 
fhells, petrified fifhes, and other produétions of 
the ocean, ‘exift im great quantities in almoft 
every place where ptoper inveftigations have 
been made. ‘* it is true,’ fays Tanesid Robin- 
fom ‘that fea-fhells are difperfed occafionally 


‘on the earth by armies, and by the inhäbitants 


of towns and villages. La Loubere relates, in 
‘his voyage to Siam, that the monkeys of the 
Cape of Good Hope perpetually amufe them- 
“felves by tranfporting fhells from the fhores of 


‘ the fea tothe tops of the mountains, But this. | 


‘js no folution to the queltion, why thefe fhells 
‘ are. difperfed through every) climate of the 
‘ earth, or:why they are. found in the bowels of 


‘the higheft mountains, and difpofed in pl: 


‘ like thofe in the bottom of the ocean.’ 


Upon’ perufing an Italian letter, printed at 


Paris in the year 1740, concerning the changes 
Li thig 


* See Lettres aici fur la formation des fels, p. 205: 
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this globe has undergone, I was aftonifhed to 
find a repetition of Loubere’s fentiments. Pe- 
 trified fifhes, in the opinion of this writer, are 
_ always of rare fpecies, which were reje@ted from — 
the Roman tables, becaufe they were not e- 
fteemed to be wholefome: And as to foffil 
fhells, he fays, that the pilgrims brought 
from Syria, in the time of the crufades, thofe 
fhells peculiar to the Levant, which are now 
found petrified in France, in Italy, and in other 
parts of Chriftendom, Why did he not add, 
that the monkeys tranfported fhells to the tops 
_ of the higheft mountains, which never were 
inhabited by men? This he might have done 
with great facility, and it would have given an 
air of credibility to his hypothefis! How fhould 
_ men, who pretend to philofophy, differ fo wide- 
dy in their opinions? It is not fufficient, it 
would appear, to find foffil fhells in almoft 
every part of the earth where pits have been 
dug, nor to have quoted the teftimonies of na- 
tural hiftorians, as thefe authors may, according 
to certain fyftems, have imagined that fhells ex- 
ifted where none were to be found: We fhall, 

_ therefore, to prevent all prejudices of this kind, 

_ quote the authority of fome authors who had 
no theory to fupport, and whofe habits of ob- 
fervation could only enable them to recognife 
_ fhells that were entire, andin the beft preferva=. 
tion. This teftimony will, perhaps, have great- 
er authority with men who cannot judge of the 
SS a 
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fads, nor know the diftin@ion between real 
fhells and their petrifactions. 

Every man may examine with his eyes the 
banks of fhells in the hills round Paris, and e- 
{pecially in the ftone-quarries, as at Chauflée 
near Seve, at Ifly, Pafly, and other places. ‘A 
great quantity of lenticular flones are to be — 
found at Villers-Cotterets; the rocks are almoft 
entirely compofed of thefe ftones; and they are 
irregularly interfperfed with a kind of cement, 
by which they are united. At Chaumont, the 
quantity of fhells is fo great, that the whole 
hills, which are pretty high, appear to confift of : 
nothing elle. The fame phaenomenon is exhi- | 
‘bited at Courtagnon near Rheims, where there — 
is a bank of fhells of about four leagues broad, 
and the length is ftill more confiderable. I . 
mention thefe places, becaufe they are famous, 
and the fhells ftrike the eyes of every beholder. 

With regard to foreign countries, let us at- 
tend to the remarks of travellers. | 

* In Syria and Phoenicia, in the neighbour- 
* hood particularly of Latikea, the rocks are of 
* ahard chalky fubftance, from whence the ad- 
‘ jacent city might borrow the name of the : 
White Promontory. The Nakoura, formerly 
called the Scala Tyriorum, is of the fame na= | 
ture and complexion ; both of them including 
a great variety of giana, fhells, and other re- 
mains of the deluge *,’ 


CS 


‘ But 


* See Shaw’s travels, p. 344. 
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~ © But foffil fhells, and other the like teftimo- 


nies of the deluge, are very rare in the moun- 
* tains near Sinai, the original menftruum, per- 
haps, of thefe marbles, being too corrofive to 
preferve them. Yet, at Corondel, where the 
rocks approach nearer to our frecuttone, { 
found a few chamae and peétunculi, and a cu- 
‘rious echinus of the difcoid kind. The ruins 
of the {mall village at. Ain-el-Moufa, and the 
feveral conveyances we have there for water, 
are all of them full of foffil fhells. The old 
walls of Suez, and the remains that are left us 
of its harbour, are likewife of ‘the fame ma- 
terials, all of them probably from the fame 
quarry. Between Suez and Cairo, likewife, 
and all over the mountains of ree near 

Egypt, every little rifing ground and hillock 
difcovers great quantities of the echini, as well 
as of the bivalve and turbinated fhells, moft of 
which exactly correfpond with their feipeetive 
families ftill preferved in the Red Sea *. 

The moving fand in the neighbourhood of 
Raz Sem, in the kingdom of Barca, covers many 
palm-trees, echini, and other petrifa@tions. Raz. 
_ Seme fignifies the Dia of a fifb, and is the name 
of what is called the petrified village, where it 
has been alledged, that men and women, with 
their children, cattle, furniture, &c. may be feen 
converted’ into fiona ‘ But,’ fays Mr Shaw, 
“all this is mere fiction, as I prepuce not only 
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a 


an a Le m A A LS 


a a “ a - La wn 


La Lai mn OW’ 


* Shaw’s travels, p. 444. 
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© from Mr Mair Conful at Tripoli, who fent fe- 
* veral people to examine into the fac, but alfo 
‘ from men of credit and learning who had been 
‘ on the fpot.’ 

Near the Pyramids Mr Shaw hotte fome 
ftones which had been hewn by workmen, and 
were mixed with little round bodies like lentils, 
and fome of them refembled barley half peeled. 
‘ Thefe,’ he fays, ‘ were fuppofed to have been 
* fragments of victuals left by the workmen, and 
‘ are now petrified, But this account appears 
* tobe very improbable,’ &c. Thefe lentils and 
grains of barley are nothing but petrified fhells, 
known to every naturalift by the name of lentil- 
ftones. 4 
* Many -foffil ftones,’ fays Miffon *, ‘are 
* found in the neighbourhood of Maeftricht, e- 

{pecially near the village of Zichen or Tichen; — 
and in the mountain called the Huns, 
‘ In the environs of Sienne, near Certaldo, 
are many mountains of fand filled with diffe- 
* rent kinds of : fhells. Monte-mario, about a 
mile from Rome, is alfo full of them. I have 
remarked them in the Alps, in France, and in 
other places. Olearius, Steno, Cambden, 
Speed, and many other writers, have related 
the fame phaenomenat.!; |. 

‘ The ifland of Cerigo,’ faysThevenot 4, 
was called Porphyris by the PTT on ac 
f count 


La) 


a ” 


* See Voyage de Miffon, tom. 3. P. 109. 
T Lbid. tom. 2. p. 312.° 
+ Voyage de Thevenot, tam. 1. p. 25. 
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* count of the quantities of porphyry found in 
“it” Now, porphyry,. as. obferved above, is 
.compoied of the prickles of the echinus, or fea- 
hedge-hog, united by a very hard ftony cement. 
| * Oppofite to Inchené, a village on the 
* ealt bank of the Nile, I found petrified. plants 
* growing naturally on a piece of ground about 
‘ two leagues in length, and of an inconfiderable 
‘breadth. This is one of the moft fingular 
‘ productions in nature. The plants refembled 
‘ the white corals which grow inthe Red Sea *.’ 
‘ There are feveral fpecies of petr ifaction on 
* Mount Libanus, and, among, others, flat {ones 
* which contain the fkeletons of fithes. entire, 
‘and well preferved ; chefnuts, and {mall 
‘branches of coral, of the fame fpecies with 
“what grows in the Red Sea, are likewife found 
‘ on this mountain f.’ 
‘In mount Carmel,’ Cah Bhat we gather a 
* great many hollow ftones, lined in their infides 
* with a variety of {parry matter, which, from 
‘ fome diftant refemblance, are faid to be petri- 
‘ fied olives, melons, peaches, and other fruit. 
‘ Thefe are commonly befiowed upon pilgrims, 
“ not only.as curiofities, but as antidotes againft 
* feveral diftempers: The olives, which are the 
‘ lapides Fudaict, as they are commonly called, 
a have been always looked upon, when diffolved 
“in the juice of een as an approved map 
‘ème 


De Sec Voyage de Paul maggot tom. 2. p. 380, 
Ÿ Ibid. tom. 3. p. 326. | 
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‘cine againft the ftone and gravel*” Thefe 
lapides Fudaicr are the points of the echinus. 

‘M. la Roche, a phyfician, gave me foine pe- 
* trified olives, called lapides “udaict, which. 
‘ grow in great quantities upon the mountains, ! 
‘where are to be found, according to my in- 
‘formation, other ftones, which in their infide 
‘ contain perfect reprefentations of the natural 
‘parts of men and women f. Thefe are the 
‘ hyfterolithes.’ 

‘In going from Smyrna to Tauris,’ fays Ta- 
vernier, ‘ when we came to Tocat, the heat was 
“exceflive; we therefore left the common road © 
© tothe north of us, and went by the mountains, : 
‘ where there are always fhade and cool breczes. | 
‘In many places we found fnow; and, upon the 
‘ tops of fome of thefe mountains, we faw fhells 
‘refembling thofe upon the fea-fhore, which is — 
‘an extraordinary phaenomenon.’ 

Let us attend to what Olearius fays concern- 
ing the petrified fhells he obfervedin Perfia, and 
in the rocks where the fepulchres have ‘been 
cut near the village Pyrmarus. 

‘ Three of us see by mutually aMifing 

each other, the moft frightful precipices, and 
“at laft gained the fummit, where we found 
‘four large chambers, with feveral niches cut 
‘outof the folid rock: But what ftruck us moft: 
‘was, to find in this vault, on the top of the 

‘ mountain, 
* See Shaw’s travels, p. 444. | | 
+ Voyag. de Monconys, P- 334. 
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* mountain, mufcle-thells; and in fome parts 
‘ they appeared in fuch quantities, that this 
* whole rock feemed to confift of nothing but 
fand and fhells. .In returning from Perfia, 
we perceived feveral of thefe thelly mountains 
upon the coafts of the Cafpian fea.’ | 
To thefe authorities many others might be 
added, were I not apprehenfive of tiring thofe 
. who need no additional proofs on this fubje@, 
and who have perceived with their eyes, as I 
. have done, the exiftence of shells in all places 
_ where they have been fearched for. ; 
In France, we find not only the fhells belong- 
ing to our own coafts, but thofe which never 
| appeared in our feas, Some philofophers even 
; alledge, that the number of foreign petrified 
fhells greatly exceeds thofe of our own climate. 
But this opinion feems not to be well founded à. 
_ for, independent of fuch fhells as lie in the bot- 
* tom of deep water, and are feldom brought up 
_by fithers, and, of courfe, are regarded by us as 
foreigners, though they may exift in our feas, I 
. find, upon comparifon, that more of the petrified 
‘hells belong to our own fhores than to any 

other; For example, all the peCines, moft 

-cockles, mufcles, oytters, trumpet-fhells, ear- 
fhells, limpets, nautili, ftars, tubulites, corals, 
madrepores, &c, which are found fo univerfally, 
are really produced in our feas; And, though 
many fea-bodies appear, which are either foreign 
‘er unknown, as the cornu ammonis, the lapi- 


rou). Th (0 ‘5 © des 
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des Judaici, the large fcrew, the buccinum,,. cal- 
led abajour, Sec. yet I am convinced, by repeat- 
ed obfervation, that the number of thefe fpe- 
cies is inconfiderable, when compared with the 
fhells which belong to our own coafts. Befides, 
the madrepores, aftroites, and all thofe fea bodies 
formed by infeds, conftitute the bafis of our 
marbles and lime-ftone ; for the fhells, however 
abundant, make but a {mall part of thefe ftones, 
and many of them are produced in our own 
feas, and particularly in the Mediterranean. 

The Red Sea produces corals, madrepores, 
and fea-plants, more abundantly than any other. 
The port of Tor furnifhes an amazing quantity. | 
In calm weather, the quantity’ exhibited is fo 
great, that the bottom of the fea refembles a 
foreft. Some of the branched madrepores rife 
from eight to ten feet high, . They are alfo . 
very common in different parts of the Me- 
diterranean ; and are to be found in all gulis, 
‘lands, &c. of every temperate climate, where, 
the fea is not very deep. es 
_ Mr Peyfionel was the frit who difcovered ; 
that coral, madrepores, &c. were not plants, but © 
that they derived their origin from animals, — 
The truth.of this difcovery was long doubted, i 
Some naturalifts at firft rejected it with. dif | 
dain. But it foon gained univerfal aflent ; and © 
every man is now fatisfied, that what was fors n 
merly called fea-plants, are nothing but hives, - 
or rather lodges, formed by infects for their own © 

SB * habitation, > 
3 
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habitation, Thefe bodies ¥ were originally claffed 
with minerals, then with plants, and now they 
mult for ever be recognifed as the genuine Ope- 
ration of animals, 

Many fhell fith inhabit the sage a pa arts of 
the ocean, and are never thrown upon the coafts; — 
authors ag therefore, termed them Pains 
to diftinguifh them fae, the other kinds, hich 
_ they call Lettorales, It is probable that the cornu 
ammonis, and fome other fpecies, found only in 
a petrified ftate, belong to the former, and that 
| they have been impregnated with ftony matter 
‘in the very places where they are difcovered. It 
is alfo probable, that the {pecies of fome animals: 
“have been extinguifhed, and that thefe fhells 
may be ranked among their number. The ex- 
| traordinary foflil bones found in Siberia, in Ca- 
nada, in Ireland, and feveral other places, feem 
to confirm this conjecture ; for no animal has 
hitherto been difcovered to whom bones of fuch 
enormous fize could poffibly belong. | 

Fofhil fhells, fays Woodward, are fone : from 
_the top to the bottom of quarries, in pits, and in 
the deepeft mines of Hungary : And we are in- 
formed by Mr Ray, that they are found in the 
rocks on the fhores of Calda, and in Pembroke- 
fhire, at the depth of 200 hors ©, 

Shells not only appear in a petrified flate at 
great depths, and on the tops of the bigheft 
ee ntans, ia they are alfo found in their na- 


O 2 ue tural 
* See Rasta ifeoturtes, p- 178, 
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tural condition, having: the colour, luftre, and 
lightnefs of fea-fhells; fo that, to be fully fatis- 
fied on this fubje@t, nothing farther is requifite 
than to compare them with the fhells found in 


the fhores of the fea. The flighteft examina- à 


tion will convince us, that petrified and foffil 
fhells are precifely the fame with thofe of the 
ocean; for they are marked with the fame fur- 
TOWS sun articulations, however minute; and, 


in the gloflopetri and other teeth of fifhes, which » 


are fometimes found adhering to the jaw-bone, 
it is obvious, that the teeth are worn and po- 


lifhed at the extremities, and that they have been ~ 


ufed by the living animals, 


Foffil fhells are almoft every where to be met : 


211 sag yn 


with; and, of thofe of the fame fpecies, . fome 1 


are fmall, others large, fome’ young, others old, 


fome entire, others imperfect ; and fometimes — 
young ones appear adhering to the old. a 


The fhell-fith called, Pu rpura has à long 


tongue, the extremity of which is fo fharp and! 
offeous, that it pierces the fhells of other fithes, © 
in order to extraét nourifhment from them. — 
Shells pierced in this manner are often found) : 
in the bowels of the earth; which is an incon=k 1 


teftible proof that they were formerly inhabited - 


by living fithes, and that they exifted in the fame 


places with the purpura *. - 
The obelifks of St Peter’s at Rome, accor 
ding to John of Latran, were faid to have been» 


br rough f 


# See Woodward, p. 296. 300. 
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brought from the Egyptian pyramids : They 
_confift of a red granite, which, as formerly re- 
marked, contains no fhells. But the ancient - 
. marbles of Africa and Egypt, and the porphyry 

faid-to have been brought from Solomon’s 
temple, and the palaces of the Egyptian kings, 
and employed in feveral of the Roman buildings, 
are full of fhells. Red porphyry is compofed 
| of an infinite number of the prickles of that 
dpecies of echinus called a fea-chefnut; they 
are placed very near each other, and form the 
. white points of the porphyry. Each of thefe 
. points have a black fpeck in the middle, which 
is the fection of the longitudinal tube of the 
- prickle of the echinus. At Ficin in Burgundy, 
three leagues from Dijon, there is a red flone 
fo fimilar to porphyry, that it differs only in 
denfity, not being harder than marble: It is en~’ 
tirely compofed of the points or prickles of the | 
echini, and the ftratum of it is confiderable both 
_in thicknefs and extent. Many excellent pieces 
of workmanship are made of it in this province, 
and particularly the fteps which lead to the pe- 
deftal of the equeftrian fatue of Louisle Grand 
at Dijon. This fpecies of ftone is alfo found jn 
Montbard in Burgundy; it is fofterthan marble; 
but it contains fill more prickles of the echini, 
‘and a fmaller proportion of red matter. Thus 
the ancient porphyry of Egypt, and the por= 


“phyry of Burgundy, differ only in the de- 


gree of hardnefs, and in the quantity of 
ie BE We Ne prickles 
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them. À 
With regard to what is called green porphyry, « 
l imagine it to be rather a granite than a por- 
phyry. It is not, like the red porphyry; com-: 
pofed of the prickles of the echinus; and its 
fubftance has a greater refemblance to that of 
common granite. ‘Fhe ancient walls of Vola- € 
tera in Tufcany have been built of ftones in 4 
which are many fhells, and thefe walls were ereét- W 
ed 2500 years ago *. Moft marbles, porphyries, } 
and other ftones employed in the beitdines of | 
the ancients, contain fhells and other productions 4 
of the ocean, in the fame manner as fome of our & 
modern matbles. Hence we may conclude, that, M 
independent of the teflimony of holy writ, the L 
earth, before the-deluge, was compofed of the # 
fame materials as at prefent. Neg! à 
Upon the whole, it. is apparent, that petrified — 
fhells are found in Europe, in Afia, in Africa, 7 
and in every place where proper refearches have © 
been made. They are allo found in America, 4 
‘tn the Brafils, for example, in Tucumana, in. 
Terra Magellanica, and in fuch vaft quantities 1 
the Antilles, that what the inhabitants call lime, | 
which lies immediately below the foil, is nothing ; 
but a congeries of fhells, corals, madrepores, | 
ARE and other fea- bodies. ise incon- ! 


pa , ne Ng . û e ° 3 à 
prickles or points of the echinus contained in — 
3 


* See Steno de folido intra folidum, p. 63. 
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_ ocean, were to be found through the whole 


continent of America, and efpecially in the 
mountains, as. Woodward affirms. But M. de 
la Condamine, who lived feveral years in Peru, 
affures me, that he was never ablé to difcover 
any of them in the Cordeliers, although he had 
diligently fearched for them. This phaeno- 
menon would indeed be fingular, and would lead 
to conclufions ftill more uncommon. But, I con- 


fefs, the teflimony ef this celebrated obferver 
notwithftanding, | am ftrongly inclined to be- 


lieve that there is, in the mountains of Peru, as 
well as every where elfe, petrified fhells and other 
fea-bodies, although they have not. yet been dif- 


covered. In matters which depend on teftimony, 


the pofitive evidence of two witnefles is a com- 


_ plete proof; but the evidence of ten thoufand 


witnefles, who only declare in the negative, that 
they never obferved aparticular appearance, gives: 
rife to nothing more than a flight doubt. Thus - 
reafon, joined to the force of a general analogy, 
obliges me to perdit in believing that fofiil fhells 


will fill be found in the mountains of Peru, Es 


fpecially if they are fearched for in the fide, 
and not on the very fummits. | 
The tops of high mountains are generally 
compofed of granite, free-ftone, and babies vitri- 
fiable materials, whi ch never contain fhells. 
Thefe matters were all formed out of beds of 
fand, when they were covered by the fea. Bur, 
hen the waters left the mountains, they would 
carry 
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carry off the fand, and other light bodies, into the 
plains, and leave nothing on their tops but thofe 


beds of rock which had been formed below the | 


firatum of fand. At two, three, or four hun- 
dred fathoms below the fummit of thefe moun- 

tains, we often find marbles and other calcinable 
3 matters, difpofed in parallel beds, and contain- 
ing fhells and other fea-bodies, « Hence, if M. 


de la Condamine examined only the moft ele-_ ! 
vated places, which confift of granite, of free~ ! 


ftone, or of vitrifiable fand, it is not furprifing 
that he did not find foffil fhells. But he ought 


to have explored the lower parts of the Corde- ; 
ers, and he would unqueftionably have difco- — 


vered beds of marble, earth, &c. mixed with 
ihells; for fuch beds have been found in every 


part of the world that has undergone a proper | 


examination. 


But, fuppofing it to be a fact, that there are 
no productions of the ocean inthe mountains of w 
Peru, nothing could be concluded from it which — 


could affe& our theory. Some parts of the 


globe, and particularly are of fuch elevation — 
as the Cordeliers, might never have been cover- — 


ed with the fea: Thefe mountains, however, 


a 

À 
« 

# 


would be an ample field for curious ARR. 2 


They would not, in that cafe, confift of parallel # 
beds. ‘Their matertal " 
from all others: They! 


dicular fffures: The ftru@ture of the ftones and 
rocks would have no refemblance to thofe of À 
other © 


wou Id be very different | 
1 vould have no pérpen- : 


a a AM 
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other countries: La/fly, Thefe mountains would 


exhibit the ancient ftru@ure of the earth before 


jt was changed by the motion of the waters; 


they would difcover the primitive flate of the 


globe, its original form, the natural arrangement 


and connection of its parts. But this notion is 


fupported by too flender a foundation; and it 


is more confonant to the rules of Loop to 


“believe that foffil #hells exift in the mountains 
of Peru, in the fame manner as they exift every 


where elfe. :,, 


With regard to the pofition of fhells in beds 


_ of earth or of ftone, let us attend to the follow- 


‘ing paflage of Woodward: ‘ All the fhells that 


7 


‘are found in numberlefs ftrata of earth, and 
‘rocks,in the higheft mountains, and in the 
‘ moft profound quarries and mines, in flint, 


* cornelian, agate, &c. and in mafles of fulphur, 


* marcafites, and other mineral and metallic bo- 


* “dies, are filled with the fame- fubftances that 


‘ compofe the ftrata in which they are included, 
‘and never with any heterogeneous matter ;’ 
p. 206. &c.——‘ We now find in the fand- 
‘ flone of all countries (the fpecific gravity of 
* the feveral forts whereof is very little different, 


‘being generally to water as 24 or ,’s to 1) 


‘ only thofe conchae, pectines, cochleae, and 


| ‘ other fhells that are nearly of the fame gra-_ 


“vity, viz. 22 or 25 to 1. But there are ordi- 
‘narily found Ann LA in it prodigious num- 


_“bers; mire of oyfter-thells, (which are in 


grav ity 
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AS: but as about 2+to 1) of echini, (which. 


‘are but as 2 or 24 to iat or the other lighter : 


“kinds of fhells, flayed one ever appears therein. 


- ©Qn the contrary, in chalk ‘abide is lighter 


‘than flone, being but as about 2 =. to 1) there 


‘ are only found echini, and the other lighter 


‘ forts of thells;’ p. 32. 33. 


_ 


It muft here be remarked, that what Wood: « 
ward fays with refpect to fodeific gravity, is not 


univerfally true; for fhells of different fpecific 


gravities are often found in the fame matters : 


Shells of cockles, of oyfters, and of echini, for! 
example, are found in the fame bed of ftones or ! 
of earth. Inthe cabinet of the French King, © 
there is a cockle petrified in a cornelian, and. 
echini petrified in an agate. Hence the difference « 


en eS pu ME TEU ie 


in the {pecific gravity of fhells ‘has had lefs in- _ 


fluence upon their pofition in the ftrata of the — 


earth than Woodward would have us to believe. | 


The reafon why the fhells of the echini, and | 


others of a light texture, abound fo tat in | 


chalk; is owing to this RENÉE ARE that chalk © 
itfelf ‘is only decompofed fhells; thofe of the 0 


echini being lighter and thinner than others, © 
would be moft eafily reduced to powder or” 
chalk; and hence beds of chalk could exift only 
in thofe places where were formerly colleted” 


by the fea great quantities of light fhells, the de- 


ftruGion of which would form that chalk in 


which we ftill find fhells that have refifted the 
_ operation 
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operation of time, either in an entire ftate, or in 
fragments fisifecient to difcover their fpecies. 

This fubje@ fhall be more fully treated of in 
the article concerning Minerals. 1 fhall here on- 
ly obferve, that ares expreflions are of- 
ten too general. He appears to affert, that fhells 
are found as frequently, and in as great abun- 
dance, in flints, cornelians, chalcedonu, ores, and 
fulphur, asin other matters. But the fac is, that — 
fhells are a very rare phaenomenon in vitrifiable 
or purely inflammable fubitances ; and, in chalk, 
marl, and marbles, the quantity of them is fo 

prodigious, that it is impoflible to afirm that the 
lighter and heavier fhells are uniformly found in 
{trata correfponding to their {pecific gravities, 
though, in general, this may be the cafe, oftener 

_ than otherwife. They are all impregnated with 
the bodies in which they are immerfed,, whe- 
. ther in the horizontal beds, or in the perpendi- 
cular fiflures ; becaufe the whole has been affec- 
ted by the operation of water, though at differ- 
ent times and in different manners. Thofe found 
in the horizontal beds of ftone, marble, &c. 
have been tranfported and depotiter by the 
waves of the fea; and thofe found in flints, 
cornelians, and other matters peculiar to the 
Seipeddlindlar fifures, were formed by rills of 
water impregnated with lapidific or metallic 
fubftances, In both cafes, the matter that fills - 
the fhells has been in the ftate of a fine impal- 
a? pable 
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pable powder; becaufe every pore of them is 


completely filled, and the moulds of them are as 


exact as the impreffions of a feal upon wax, 


git therefore, apparent, that, inftone, mar- | 


ble, &c. there are multitudes of fhells. fo entire, 


and fo well preferved, that they may be com= 
k pared with thofe in our cabinets, or pay the | 


fhores, of the fea. 


‘ There being, I fay, befides thefe, fuch vaft | 


‘multitudes of fhells contained in ftone, &c. 


‘ which are entire, fair, and abfolutely free from | 
‘any fuch mineral contagion; which are to be 
‘ matched by others at this day found upon our © 


‘ fhores, and which do not differ in any refpect ! 
‘from them; being of thé fame fize that thofe 2 


hater or, and the fame fhape precifely; of the — 
‘ fame fubftance and texture, as confifting of the — 
‘fame peculiar matter, and this conftituted and _ 
‘ difpofed in the fame manner as is that of their _ 
‘ refpettive fellow-kinds at fea; the tendency À 
‘ of the fibres and ftriae the die the compo- ! 


‘fition of the lamellae, dédie by thefe 


‘ fibres, alike in both; the fame veftigia of ten- # 
‘ dons (by means whereof the aimé is faften- — 


‘ed and joined to the fhell) in each the fame 


“papes the fame futures, and every thing x 
elfe, whether within or nous the fhell, in © 


— 


“its cavity, or upon its convexity, in the fub- | 


‘tance, or upon the furface of. it. Befides, 
* thefe foffil hell Is are attended with the Onda 3 
* nary) 


4 
ee ao ee See meee 
ad . : = 


» in which they are depofited. 


oo 
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¢ gary accidents of the marine ones, ex. gr. they 
_¢ fometimes grow to one another, the lefler fhells 


‘ being fixed to the larger: They have the bala- 
‘ni, tubuli vermiculares, pearls, and the like, ill 


| Lo growing upon them. And, which is 


¢ very confiderable, they are moft exactly of the 


F ‘fame fpecific gravity with their fellow-kinds 


€ now upon the fhores. Nay farther, they an- 
or all chymical trials in like manner as the 


_‘ fea-fhells do; their parts, when diffolved, have 


* the fame appearance to view, the fame {mell 


‘6 and tafte *.” 


_I have often obferved,: with’ sec en 


whole mountains, chains of rocks, and extenfive 
| quarries, fo full of fhells, and other fea bodies, — 


that there was hardly fpace left for the matters 
% 


I have feen fome arable fields fo full of pe- 


4 ae cockles, that they might be picked up by 


. a blind man, others entirely covered with cornu 


ammonis, and others with cardites; and the more 


this fubje& is inquired into, we {hall be the 


~ 


‘more thoroughly convinced, that the number of 


_petrifactions i is infinite, and that it was abfolute- 


ly impoffible that all the animals which. inhabi- 


. ted thefe fhells could exift at the fame time. 


Ihave farther remarked, that the ftones of 


. thofe arable lands which abound with ‘petrified 
fhells in an entire form, well preferved, and de- 


tached from all other matter, are frittered down 


by 
x Woodward, D: 23: 24. 


~ 


_fe& upon petrified fhells. 
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by froft, which deftroys ftones, but has little ef- 
Thefe immenfe quantities of petrified fea- 

bodies, found in fo many different places and fi- 

tuations, prove, that they could not be tranfport- 


ed and depofited by the waters of the deluge ; 


for the greateft part of them, inftead of being — 
found in the bowels of the earth, and in folid — 
marble at the depth of feven or eight hundred 
feet, muft have remained on the furface. 1 
In all quarries, petrified fhells form: part of 


the internal ftru@ure of the ftone, the furface 
of which is often covered with ftalaGites, a : 


matter much lefs ancient than the ftone that - 
contains the fhells. Another proof that thefe — 
thells could not be derived from, the deluge is, 
that the bones, horns, claws, &c. of land-ani- © 
mals, are feldom found in a petrified flate, and _ 
re never incorporated in marble, or other hard 
fones; whereas, if thefe effeéts had been pro-. : 
duced by the deluge, the remains of land-ani- — 


‘mals would have been found in marbles, as well ; 


as thofe of fifhes. ‘ ‘À | | 
To alledge, that the earth was entirely diffol-_ 
ved at the time of the deluge, is a mere gratui- | 
tous fuppofition, which required a fecond miracle 
in order to give water the power of an univer- _ 
fal diffolvent. Befides, it infers an evident con-, 
tradiction; for, if water was then an univerfal 
menftruum, how could fhells have been pre- 
ferved in the entire ftate in which we find them? 


This « 


OF FOSSIL SHELLS, &c. 223 


This is an evident demonftration, that no fuch 
diflolution took place, and that the parallel ftrata 
were not formed in an inftant, but were gradu- 
ally produced by fucceflive Ramen: ; for, it is 
apparent to every obferver, that the difpofition 
of all the materials compofing the earth has been 
occafioned by the operation of water. The on- 
ly queftion, therefore, that remains, is, Whether 
this arrangement of parts was produced all at 
once, or in a fucceffion of time? Now, it has 
‘already been fhown, that it could not pofhbly 
happen at one time; becaufe the materials are 
not difpofed according to their fpecific gravities, 
and becaufe they never fuffered a general diffo- 
“—ution. This arrangement, therefore, muft have 
originated from fucceflive fediments. Anyother 
caufe, or particular revolution, would have gi- 
ven rife to an arrangement totally different. Be- 
fides, particular revolutions, or accidental caufes, 
could never have produced a uniform difpoti- 
tion of horizontal and parallel ftrata throughout 
the whole globe. 

2: Let.us ee to what the hiftorian of the 
Academy * has faid upon this fubje“. 

‘The many marks of extenfive inundations, 
‘and the manner in which mountains muft be 
* conceived to have been produced, demonftrate, 

€ that the furface of this earth has fuffered great 
‘ revolutions. However deep we penetrate in- 
| ‘ta 


* Année 1718, p. 3. 


\ 
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de à nt Mile 


d 


‘to the globe, we difcover nothing but ruins, 


“bodies of different kinds amaffed and incor= 
‘ porated without any order or apparent defign, 
‘If there be any regularity in the ftruéture of 
‘ the earth, it lies too deep for our refearches 5 
‘we muft, therefore, confine .ourfelves to the 
“ruins of the external cruft, which will be fut 
‘ ficient to occupy the attention of philofophers, 
‘ M. de Juffieu difcovered, in the neighbour- 
‘hood of St Chaumont, a great quantity of 
‘flaty or laminated ftones, every lamina off 
* which was marked with the impreflion of a 
. © ftem, leaf, or other portion of fome plant. 
©The imprelfions of leaves, were uniform-' 
‘ly extended, as if they had been ftretched in 
‘ the ftones by the hand; a clear demonftration © 
‘that they had been tranfported by water, | 
“which always keeps leaves in that pofition: 
‘ Their fituations were various, and fometimes — 
* they lay acrofs each other. 3 4 
‘It is natural to imagine, that a leaf depofi- ¢ 
‘ted by water upon foft mud, and then cover- 
‘ed by: a fimilar layer of mud, would imprefse 
‘ upon the undermoft layer the figure of its one 
‘ fide, and upon the uppermoft the figure of its 
‘ oppofite fide; and, after thefe layers hardened _ 
‘ and petrified, that they would each bear an 
‘impreflion of a different fide of the leaf. But 
‘this fuppofition, however natural, does not G 
“take place: The two laminae of ftone uni- 
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* formerly bear the impreffion of the fame fide 
‘ of the leaf, the one in alto, the other in bafs- 
“relief. For this obfervation, with regard to 
‘the figured ftones of St Chaunbnt; we are in- 

© debted to M. de Juffieu; but we leave the ex- 

* plication of it to himfelf, and fhall proceed to 

‘ remarks of a more general and interefting na- 
‘ture. 

‘ All the impreflions on the ftones oF Saint 
*Chaumont are of foreign plants, which are 
‘not to be found in any part of France; they 
‘ are natives either of the Eaft Indies, or of the 

‘warmer climates of America. Moft of them 

/ “belong to the capillary tribes, and they are ge- 
“nerally particular fpecies dE ferns, the clofe 

‘ texture of which enables them both to make 

“deep impreflions, and to remain long in a ftate 
‘ of prefervation. M. Leibnitz was aftonifhed 
‘to find the impreflions of the leaves of a few 

* Eaft India plants upon fome ftones in Ger- 

‘many: Inthe example under confideration, 

‘the wonder is greatly augmented; for, by 

‘ fome unaccountable deftination of nature, it 

‘ would appear, that, in all the ftones of Saint 

* Chaumont, not a fingle impreflion of a native 
‘ plant is to be found. 

‘From the number of foffil fhells in fs 

* mountains and quarries exhibited in this coun- 

‘try, as well as in many others, it is apparent, 
* that it muft have formerly been covered with 

Nobel. 3 a ‘ the 
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“the fea. But how could the American or In- | 
€ dian oceans come hither? . ARE. 
‘ To folve this and: other: furprifing phaeno- 
‘mena, we may fuppofe, with much probabi- 
“lity, that the fea originally covered the whole 
‘globe. But this fuppofition will not anfwer ; 
‘becaufe no: terreftrial plants could then exift: 
‘The plants of one country, therefore, could « 
‘only be tranfported to another by great inun- 
* dations. | | 
‘M. de Juffieu imagines, that, as the bed of . 
“the fea is always rifing higher by means of the 
‘mud and fand inceflantly carried into it by the 
‘ rivers, the fea, at firft confined by natural dikes, 
‘might at laft furmount them, and fpread over 
“the land to great diftances; or, which would — 
‘ produce the fame affe@t, the dikes might in 
‘time be rendered fo thin, by.the conftant ope- | 
ration of the water, that they would at laft 
“sive way. Soon after the formation of the 
“earth, when nothing ‘had aflumed a regular 
‘or fettled form, fudden and prodigious revo- — 
* lutions might then be produced, of which we 
“have now no examples, ‘becaufe every thing — 
“is in fuch a fixed ‘and permanent ‘ftate, that | 
“only flow arid inconfiderable changes can take 
‘place: It is for this reafon that we find a dif-. 
“ficulty in crediting revolutions more {udden 
‘and tremendotisst), Yaris 0 ou | 
18 By fome of thefe great revolutions the Weft | 
F 4 | LÉ oo 
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‘gr Eaft Indian Oceans might have been poured 
‘in upon Europe: In theirjourney, they would 
* tear up foreign plants, carry them off floating 
‘on the waves, and gently depolit them in 
£ thallow places, vt th which De Waters would 


f foon evaporate,’ 


‘Pig “PROOFS 


~ 


THRORY or-rvee BAR TR. 


| AVR TU Cn EE DU 


Of the Inequalities upon the Earth’s Surface. 


TH HOUGH the inequalities upon the furface. 
of the earth may be confidered as a defor- 
mity in its figure, they are abfolutely neceflary to 
vegetation and animal life. To be convinced. 
of this fact, we need only confider what would 
be the condition of the earth, were its furface 
perfe&ly fmooth and regular. Inftead of thofe 
beautiful hills which furnifh abundance of wa- 
ter for fupporting the verdure of the earth, in- 
ftead of thofe richly garnifhed fields, where. 
plants and animals find an eafy and comforta- 
ble fubfiftence, a dreary ocean would cover the 
whole globe, and the earth, deprived of all its 
| | valuable 
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valuable and alluring qualities, would be an ob- 
fcure abandoned planet, fuited only for the ha- 
bitation of fifhes. 

But, independent of moral confiderations, 

which feldom ought to be employed in natural 
philofophy, the furface mufl, from a phylical 
neceffity, have been irregular; for, fuppofing it 
to have been originally fmooth and level, the 
motion of the waters, fubterraneous fires, the 
_ winds, and other external caufes, would necef- 
darily produce, in time, irregularities fimilar to 
thofe which we now behold. 
_ Next to the elevation of mountains, the Hot | 
| of the ocean form the greateft inequalities. This 
depth is exceedingly diverfified, even at great 
diftances from land. In fome places the fea is 
faid to be a league in depth; but ‘that is a rare 
phaenomenon ; and the moft common depths 
are from 6oto 150 fathoms. Gulfs and branches 
of the ocean which run in upon the land, are 
fill lefs deep; and ftraits are generally the int 
fhallow places. 

Depths are commonly founded by a piece of 
lead, of 30 or 40 pounds weight, fixed to a {mall 
rope. This method anfwers well enough for or- 
dinary depths, but it is liable to error when the 
depth is very great; for the cord being {pecifi- 
cally lighter than water, after much of it has 
been wound down, the weight of the lead and 
that of the cord become nearly equal to their 

bulks of water; then the lead defcends no more, 
| P43 | but 
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‘but runs off in an oblique line, and floats at the. 
fame depth, Hence,’ in founding great depths, 
an iron chain, or fome body healt than water, © 
fhould be em pb red. ‘ It is for wantiof latten-” 
tion to this circumitance, that fome navigators 
‘have beén led to maintain, that the fea, in ma- . 
“ny places, has no bottom. 3 
In general, the depths in open feas augment 4 
or diminifh in a pretty regular “manner, piel | 
commonly deeper the farther from land. But 
‘to this remark there are many exceptions; for , 
there are places in the middle of the fea,” as at 
the Abrolbos in the Atlantic, where large thelves 
appear; and ‘there are, ‘in ‘other! places, vait à 
fand-banks, well known’ tothe mariners who. 
fail to the Eaft Indies... > ae 

Along coafts, the depths are tete very ir- 
regular, However, it may be laid down as a _ 
certain rule, that the depth’ is always propor- 
‘tioned to the height of the coaft: The fame ob- — 
-fervation applies to rivers. Le 

It is eafy to meafure the height of mountains, « 
either geometrically, or by the barometer, This: 
inftrument determines the height of a mountain 
“pretty exa@ly, efpecially in countries where its 
“variation.is not confiderable, as at Peru and o- 
‘ther equatorial climates. By one or other of 
 thefe methods, the height of moft mountains has 
already been afcertained; for example, it has 
‘been found, that the higheft mountains of Swit-_ 
zerland eus GREAT the moft elevated of 
; the. 
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the Pyrennees, 1600 fathems*., Thefe moun- 
tains appear to be the higheft in Europe, fince 
they giverrife to a great number of rivers which 
run into, different and very diftant feas, as the 
Po, which empties itfelf in the Adriatic, the 
Rhine; which lofes ifelf in, the fands of Hol- 
Jand, the Rhone, which falls into the Mediter- 
‘ranean, and the Danube, which runs into the 
Black Sea... Thefe four rivers, the mouths of 
which are fo diftant, derive part of their waters 
from Saint Godard and the neighbouring moun- 
tains; a clear proof that this place 1 is the moft 
> elevated part of Europe. 
Mount. Taurus, Imaus, .Caucafus, ark, ttle 
mountains of Japan, are higher than any in Eu- 
rope. : The mountains of Africa, as the great 
Atlas, and the mountains of the aia are at 
_ Jeaft equally high with thofe of Afia; and the 
higheft of all are thofe of South Fu and 
” .efpecially of Peru, which are 3000 fathoms above 
the level of the fea, In. general, the tropical 
mountains. are more elevated than thofe of the 
_ temperate zones, and thofe of the latter are high- 
er than thofe nearer the poles. Thus, the nearer 
othe equator, the greater are the fuperficial ine- 
qualities, which, though confiderable with regard 
to us, are nothing when eftimated in relation to 
the whole globe. A difference of 3000 fathoms 
in 3000 leagues diameter, is but a fathom tova 
| league, or a foot to 2200 feet, and. “ARE a globe 


of. 
* See HR. de PAcad. 1708, p. 24. | 
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of 25 feet, would not make the 16th part of a ~ 
French line. Hence this earth, which to us ap- 
pears to be traverfed and interfeGied by moun- — 
tains of an enormous height, and by feas of a 
dreadful depth, is, in relation to its fize, but 
flightly furrowed with inequalities fo inconfi- 
derable, that they cannot make ail variation — 
upon its general figure. 

- In continents, the mountains form continued 
chains; but, in iflands, they are more interrupt- 
ed, generally rife in the form of a cone, or py- 
ramid, and are diftinguifhed by the name of 
peaks, The Peak of Teneriffe, in the Ifland of . 
Fer, is one of the higheft mountains in the earth; 
it is nearly a league and a half perpendicular a- 
bove the level of the fea. The Peak of St « 
George in one of the Azores, and the Peak of | 
Adam, in the Hland of Ceylon, are likewife ex- 
ceedingly high. ‘Thefe peaks are compofed of 
rocks, piled above each other; and all of them — 
throw out, from their fummits, fire, afhes, bitu- 
men, minerals, and ftones. Some iflands, as St 
Helena, Afcenfion Ifle, and moft of the Canaries | 
and Azores, are only the tops or points of moun- 
tains. It is alfo worthy of remark, that the 
middle of moft iflands, promontories, and capes, 
is the moft elevated, and that they are generally 
divided into two parts, by chains of mountains 
which run in the direétion of their greateft 
length: In Scotland, for example, the Grampian 
mountains (Grans-bain) extend from eaft to 
welt, and divide the ifland of Great Britain into M 

two 
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two parts: The fame thing takes place in Su- 
matra, the Lucca Iflands, Borneo, Celebes, Cuba, 
St Domingo, the peninfulas of Corea and Ma- 
Jaya, &c. Italy is alfo longitudinally traverfed 
by the Appennines. 
Mountains, as mentioned above, are of differ- 
ent heights; the hills are loweft; then follow 
the mountains of an ordinary height, which 
are fucceeded by a third range ftill higher, All 
thefe are commonly covered with trees and 
plants; but neither of them furnifh fprings ex- 
cept at their bottoms. In the laft and higheft 
_ range, we find nothing but fand, loofe ftones, 
 flints, and rocks, the tops of which often reach 
above the clouds. Precifely at the foot of thefe 
rocks, are little plains, or hollows, which colle& 
_ rains and fnow, and form thofe ponds, morafles, 
or fountains, from which the rivers derive their 
fources *, 

The figure of mountains is likewife very dif- - 
ferent. Some confift of long chains of nearly 

-an equal height; others are interfected by deep 
valleys ; the contours of fome mountains are 
pretty uniform; thofe of others are moft irre- 
ular, and fometimes a detached little mountain 
appears in the middle of a plain or valley. There 
are alfo two kinds of plains; fome occupy the 
low grounds, and others appear in the moun- 
tains. The former are generally divided by 
_ fome large river; but the latter, though their 
; | extent - 


* See Lettres philofophiques fur la formation des fels, &c. 
3198. 
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extent be confiderable, are dry; or furnifhed with 
adfmall rill only... The plains in the mountains” 
are often exceedingly high, always of difficult” 
accefs, and form one country above another, as. 
in Auvergne, Savoy, and other elevated pro- 
winces. The foil of them is firm, and produces — 
pleaty of herbs and odoriferous plants, which 
make them the fineft pafture-grounds in the 
world: 11 car ait a th bo bates oka 
00 The téps of high mountains aré compofed of © 
rocks of different elevations, which, when view~ 
ed at a diftance, make them refemble the waves | 
of the fea * .o'This #6 not the otily reafon fort 
our affirming that mountains were formed by 
the motions of the fea; IT only mention it, be-v 
caufe it correfponds with every other phaeno- . 
menon. . But the following faGs put this point, 
beyond all controverfy: The foflil thells, and 
other fea-bodies, every where found in fuch 
profufion, that they could not poflibly be tran 
ported from the fea, in its prefent flate, into. 
‘continents fo diftant, and depofited at fuch great 
depths in the bowels of the mountains: The 
univerfal parallelifm of the different ftrata, an. 
effect which could only be produced by water, 
and the compofition even of the moft denfe ‘of 
them, as thofe of tone and marble, which clear- ; 
ly evinces, that, before their formation, they had 
been reduced into a fine powder, and precipi- … 
tated to the bottom in the form of fediments: 
| The 
* See ibid. p. 196, 
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The exactnefs with which the foflil fhells are 
Boulder: in the matters in which they are found: 
The cavities of foffil fhells, which are uniform- 
ly filled. with the fame fubftances that contain 
them: The correfponding angles of hills and 
mountains, which nothing could effect but the 
currents of the ocean: The equality in the 
heights of oppolite hills, and the different ftrata 
ils appearing at the fame levels: And, 
laftly, the direction of mountains, the chains de 
which extend longitudinally, like the waves of 
the fea. 
_ With regard to the depths or hollows on the 
_ furface of the earth, thofe of the ocean are un- 
_queftionably the greateft. But, as thefe are hid — 
- from human view, and can only be difcovered 
_ by founding, we fhall confine our felves to thofe 
which appear on the dry land, fuch as deep vai- 
 leys, precipices found between rocks, abyfles 
* that prefent themfelves in high mountains, as the 
 abyfs of Mount Ararat, the precipices of the 
Alps, the valleys of the Pyrennees, &c. Thefe 
_ depths are a natural confequence of the elevation 
of mountains; they receive the water and earth 
carried down from the high grounds; their 
foil is generally fertile; and they are full of in- 
habitants. The precipices among rocks are of- 
| ten occafioned by a fudden finking of one fide, 
the bafe, which generally inclines more one way 
than another, ‘being loofened by the action 
“of the air, and of fro: or by the violence of 
torrents. 
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torrents. But abyfles, or thofe enormous pre 
cipices that appear on the tops of fome moun- 
tains, and, to the bottom of which, though their Fa 
circumference be a mile and a half, or three — 
miles round, it is impoflible to defcend, have 


been formed by the operation of fire. They | 


have been the furnaces of ancient volcano’s, the © 
matter of which has been exhaufted by explo- « 
fions, and the long ation of fires that are now # 
extinguifhed by the defe&t of combuftible mat- — 
ter. Ofthis kind is the abyfs of Mount Ara- © 


rat, defcribed by Tournefort. It is furrounded 


with rocks which are black and burnt. The 
abyfles of Etna and of Vefuvius will have the 
fame appearance after their EE mate- 


rials are exhaufted. 


In Plot’s hiftory of the county of Stafford À in. 
England, there is an account of a kind of gulf, … 


which was founded by a rope of 2600 feet, with- 


out finding either water or bottom, the via 


being too fhort *. 6 

The greatelt cavities, and the déni mines, 
are generally in the mountains, and feldom de- 
fcend to the level of the plains. By them we 


difcover the internal ftru€ture of the mountain 


only, not that of the globe itfelf. 


Befides, thefe depths are not very confiderable. — 
Mr Ray affirms, that the deepeft mines exceed — 


not halfamile. The mine of Cotteberg, which, © 


‘in the time of Agricola, was efteemed to be the © 


a 


* See Journal des Savans, 1680, p. 12. 
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\deepeft in the world, was only 2500, feet of 
* perpendicular depth. : There are, indeed, holes 
* in particular places, as that mentioned by Plot, 
Yor Pool’s hole in the county of Derby, the depth 
| of which is probably very great: But none of 
: them bear any fenfible Shes eae to the thick- 
nels of the globe. 

If the kings of Egypt, in sac of ereding 
pyramids as monuments of. their vanity and 
riches, had expended equal fums in making pro- 
- found excavations into the bowels of the ou 
| to:the depth of perhaps a league, they might 
have difcovered fubftances which would have 
! recompenfed their labour ; they would at leaft 
| ‘have extended the knowledge of the earth’s in- 
ternal ftruêture, which might have been pro- 

ductive of much utility. 

But, let us return to the mountains. The 
* higheft of them lie between the tropics ; and 
the nearer we approach to the equator, the 
greater are the inequalities on the earth’s fur- 
face. A fhort enumeration of mountains and 
iflands will be fufficient to eftablifh this point. 

In America, the Cordeliers, which are the 
higheft mountains in the world, lie precifely 
under the equator, and they extend on both fides 
a confiderable way beyond the Tropic circles. 

The higheft mountains of the Moon, of Mo- 
“ nomotapa, and the great and little Atlas, in 
_ Africa, lie either under or very near the equa- 
Dior, 


ss 


In 
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In Afia, Mount Caucafus, the chain of which, 
under different names, runs) into China, and. 
through this whole: extent, lies nearer the equa- . 
tor/than' the pelésia Vt105 oi | 

In Europe, the Pyrennees, thie lpn, and the 
mountains of Greece, which form. one chain, 
are ftilllefs diftant from Be eases than the 
pole. | | 
Thefe chains | fon mountains, of which we. 
have given an enumeration, are higher, and of 
greater extent, both in length and in breadth, 
than thofe of more northern countties.. -With 
regard to their direction, the Alps form a con- 
tinued chain which runs acrofs the whole Con- 
tinent from Spain to China, They commencé 
on the fea-coaft of Galicia, join the Pyrennees, 
traverfe France, by Vivares and Auvergne, run 
through Italy, and ftretch into Germany, above _ 
Dalmatia, until they reach Macedonia; from 
thence they join the mountains of Armenia, 
the Caucafus, the Taurus, the Imaus, and at 
laft terminate on the coaft of Tartary. :: Mount 
Atlas, in the fame manner, traverfes the whole 
Continent of Africa, from the kingdom of Fez 
to the ftraits of the Red Sea. The mountains 
of the Moon have likewife the fame direGion. 

But the mountains of America have an oppo- 
fite dire@ion, The vaft chains of Cordeliers, 
and other mountains, run more from fouth to 
north than from eaft to weft. 


What 


ee, 
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_ What we have now remarked concerning the 
Ds elevations of the land; applies equally to 
‘the greateft depths of the fea. The moft exten- 
_ five and deepeft feas lie nearer the equator than 
“the poles: Fromthefe united obfervations, the 
truth of our general pofition, that the greateft 
“inequalities of the’globe are to. be found in the 
equatorial regions, is fufficiently eftablithed. 
. Thele irregularities on the furface of the earth 
give rife to a number of curious phaenomena. 
Between the Indus and the Ganges, for example, 
there is a large peninfula, through the middle 
of which runs a chain of high mountains, called 
‘the Gate, which extends from north to fouth, 
“from thie extremity of Mount Caucalus to Ghpe 
 Comorin. One fide of this peninfula forms the 
coaft of Malabar, the other that of Coromandel. 
“On the Malabar fide, between the chain of 
“mountains and the fea, the feafon of fummer is 
from September to April; and, during thefe 
months, the fky is: ferene, and no rain fails. 
But on the Coromandel coaft, which lies on the 
other fide of the mountains, this very period is | 
their. winter, and the rains fall in. torrents. 
NT his reverfe of fummer and winter happens, in 
fome places, no farther diflant than 20 leagues; 
fo that, by croffing the mountains, a man has it. 
Gn his power to change feafons. The fame thing, 
it is faid, takes place at Cape Razalgatein Noé: 
‘and even in Jamaica, which is divitied from eaft 


+0 welt by a chain of mountains, On the fouth 
ot | fide 


a 
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fide of thefe mountains, the plantations enjoy 
the warmth of fummer, while thofe on the north 
fuffer all the rigours of winter. Peru, which is 

fituated under the line, and extends about 1600 
leagues toward the fouth, is divided into three 
long and narrow portions, called by the inha- 

bitants Lanos, Sierras, and Andes. The Lanos, 
which are the plains, extend along the coaft of : 
the South fea; the Sierras are hills interfperfed 
with valleys; and the Andes are the famous Cor- 
deliers, the higheft mountains of the world. The 
Lanos are about 10 leagues broad; the Sierras, 
in many places, 20 leagues ; ind the Andes 
nearly the fame, though fome parts of them are 
more, and others lefs broad. The breadth of 
thefe divifions is from eaft to weft, and their 

leneth from fouth to north. This part of the 
world exhibits the following remarkable ap- 
pearances: 1ff, Along the whole coaft of the. 


Lanos, a Raia -weft wind almoft conftantly 
blows, which is contrary to the ordinary direc-. 
tion of the en in the Torrid Zone. 2d, In 


the ae it never rains or thunders, though 
there are plenty dews. 3d, It rains almoft 
continually at the Andes.  4#b, In the Sierras, 
which lie between the Lanos and the Andes, i it 
rains from September to April. | 
It was long thought that all high mountains 
run from weft to eaft, till the contrary direction | 
was difcovered in America, But M. Bourguet 
was the firft who remarked the furprifing re 


gularity 
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gularity in the ftru@ure of thefe great maffes. 
_ After pafling the Alps thirty times in fourteen 


different places, the Apennines twice, and ma- 


king feveral tours in the neighbourhood of thefe 
mountains, and of Mount Jura, he found, that 
the contours of all mountains have a near re- 
femblance to the works in regular fortifications. 
When the direction of a mountain is from weft 
to eaft, all its projections, or advances, ftretch 
to the fouth and north. This amazing regula- 
_ rity is fo remarkable in the valleys, that a man 
is apt to imagine he is walking in a covered 
way. If, for example, a man travels in a val- 
ley from north to fouth, he perceives that the 
mountain which lies to the right hand makes 
projections to the eaft, and that the projections 
of the oppofite mountains. regard the weft, in 
-fuch a manner, that the prominent and'concave 
angles, on each fide, alternately correfpond with 
one another. When the valleys are large, the 
‘angles of the mountains are lefs acute, becaufe 
| they are more diftant from each other, and the 
 declivity is not fo rapid or fteep. Thefe angles 
are not perceptible in plains, except when we 
_fiation’ ourfelves on the banks of the rivers, 
which generally occupy the middle of the plains, 
and whofe natural windings correfpond to the 
-moitfadvanced angles or projections of the: 
mountains. It is aftonifhing that fuch an ob- 


vious fa@ fhould have remained fo long unno- - 


ticed; for, it is apparent, that, in valleys lined 
Co ESS CR Q with 
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With oppofite mountains, when the declivity of 
one of the mountains is lefs rapid than that of 
the other, the courfe of the rivers is not in the 
middle, but nearer to the fteepeft mountain *. 

Thefe general obfervations might be confirm- 
ed by a multitude of fads. The mountaits of 
Switzerland, for example, are fteeper-on the 
fouth fide than on the north, and on the weft 
fide than on the ‘eaft. . This appearance is ob- 
vious in Mount Go ‘Mount Brifa, and in | 
almoft all the other’ mountains in this country, 

: the higheft of which. are thofe! which feparate 
Vallefias and the Grifons of Savoy, from Pied= | 
mont and Tirol. : Thefe countries are, indeed, ! 
à continuation only of the fame mountains, the 

chain of which extends, to the Mediterranean; 
and the Pyrennees: are a continuation only of 
that vaft mountain, which commences in Upper 
Vallefia, whofe branches ftretch far to the weft — 
and fouth, and preferve,:-throughout that whole 
extent, a great height; but, on the north and eaft 
fides, hee gradually fink into plains, as appears, 
in. thofe extenfive countries which are traver- 
fed by the Rhine and Danube before they finifh 

_their-courfe, while the Rhone defcends with ra- 
pidity to the fouth, and empties itfelf in the 

Mediterranean. The fame obfervation is exem-. 
plified in the mountains of England! and of. 
Norway, But the moft perfedt example is af- 

| forded 


#, See Lettres Philofophiques fur la Formation des Bats, 
p» 181. 200. 
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forded by the mountains of Chili and Peru: 
The Cordeliers are exceedingly fteép on the 
welt fide; but they have a gradual declivity to 
the eatt, dnd terminate in vaft plains, which aré 
watered by the greateft rivers in the world *, 
M. Bourguet, to whom we are indebted for 
the difcovery of the correfpondence between 
the angles of mountains, calls this difcovery thé 
Key to the Theory of the Earth. However, he 
appears not to have perceived its whole impor 
tance ; for, in his treatife on this fubjeét, he 
4 gives the fkeleton only of an hypothetical fyftem; 
l'in which moft of his conclufions are either falfé 
| or uncertain. The theory that we have deliver« 
ed refts upon four principal faéts, the truth of. 
which, after examining the proofs that fupport 
_ them, cannot admit of a doubt: The fr/ is, 
_ That the earth, to very confiderable depths, is 
every where combpofed of parallel ftrata of dif 
ferent matters, which were formerly in a fluid 
- or foft ftate: The //econd, That the fea has, for 
many ages, covered the whole earth se Hicty we 
now inhabit: The ¢hird, That the tides and 
* other motions of the waters, produce inequali+ 
ties in the bottom of the ed's And the fourth, 
That the figure, and correfponding dire@ion of 
À mountains, have originated from currents in on 
ocean. | 
After perufing the dore MERE in the 
ees articles, the reader will be enabled to 
Q 2  . determine 
=} See Phil. Tranf. Abridg. vol. 6. Batt 6. pa 158: 
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determine whether I am right in maintaining, | 
that thefe facts, when firmly eftablifhed, will : 
likewife afcertain the general: theory of the | 
earth, What has been remarked concerning the ! 
formation of mountains needs no farther exphi- | 
cation. But, as it may be objected, that I have 
not accounted for the formation of peaks, or 
pointed mountains, nor for fome other particu- 
lar facts, I fhall add fuch obfervations as have 
occurred upon this fubje@. 

I have endeavoured to form a difting and | 
general idea of the manner in which the mate- 
rials compofing this earth are arranged, and | 
have reduced. the whole to two clafles The 
firf includes all the matters which are difpofed | 
in horizontal or regularly. inclined beds or ftra- : 
ta; andthe Jécond comprehends all thofe mat- 
ters which appear in detached mafles, in ridges, 
or in veins, either perpendicular, or irregularly : 
inclined, -In the jirf clafs Lrank fands, clays, : 
granites, flints, and free-ffones in large maffes, . 
pit-coal, flates, and likewife marls, chalk, cal- 
cinable ftones, marbles, &c, -In the Second, Line. 

clude metals, minerals, cryflals, precious ftones, 
and flints in fmall maffes. Under thefe two _ 
claffes, all the known materials of the earth are 
comprehended. Thofe of the firft clafs owe 
their origin to fediments tranfported and depo=. 
fited by the waters of the fea, and ought to be 
diftinguifhed into {uch as are eat by the. 
application of fire, and fuch as melt, and are 
convertible 
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convertible into glafs. The matters compre- 
hended under the fecond clafs are all vitrifiable, 
with the exception of thofe called inflammable, 
‘or which totally confume in the fire. 
There are, in the firft clafs, two difling {pe- 
cies of fand; the one, which abounds more 
than any other matter in the globe, is vitrifiable, 
or rather confifts of fragments of real glafs : 
“The other, which is lefs in quantity, is calci- 
‘able, and ought to be regarded as the duft of 
ftone, and as differing from gravel only by the 
-grofinefs of its grains. In general, vitrifiable 
fand lies in beds; but they are frequently inter- 
rupted by mafles of free-ftone, of granite, and 
of flint; and fometimes thefe fubftances appear 
in banks of a confiderable extent. 
Sea-fhells are feldom found in this fand, or in 
vitrifiable bodies; and even thofe which appear 
“in them are not difpofed in beds, but fcattered, © 
.asit were, by chance: I never, for example, 
found any in free-ftone. ‘This ftone, which 
abounds in certain places, is nothing but fand : 
united by a cement. It never appears but in 
‘countries where vitrifiable fand is frequent; and 
the quarries of it are generally in pointed hills, 
fandy lands, or interrupted eminences. Thefe 
quarries may be wrought on all fides; and, 
“when they appear in large beds, they are more 
diftant from each other than thofe of marble or 
Calcinable ftones. Blocks of free-ftone may be 
cut of all dimenfions; and, though it be diffi- 
Q 3 cult 
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cult to work, its hardnefs is inconfiderable; for 
_itis eafily reduced to fand by friétion, except 
the black points or nails fometimes found in it, 
which are fo hard as to refift the beft files. Com- 
mon rock-ftone, which I confider as a fpécies 
of granite, is vitrifiable, and of a fimilar nature: 
with free-ftorie; it is only harder, and more firm- 
ly cemented. Tt has likewife feveral denfe points, 
which cut the thoes of travellers on mountai- | 
nous grounds. - It alfo contains a great number 
of talky, fpangles; and the PATES is fo hard as | 
not to be worked without great labour. 
After narrowly examining thefe hard points 
found in free-ftone and granite, I difcovered that. 
they confift of metallic matter, ‘which has been 
melted and calcined by a ftrong fire, and that | 
they have a perfect refemblance to certain fub- 
ftances thrown out of volcano’s, of which I have | 
feen vaft quantities in Italy. They are called by 
the inhabitants Schiarri. They'are black heavy 
maffes, upon which neither fire, water, nor the 
file, can make anyimpreffion., This metallic mat-_ 
ter is different from lava, the latter being a fpe- | 
cies of glafs; but the former feems to partake 
more of metal than of glafs. The points in free- 
ftone and granite have a great refemblance to : 
this matter, which is a farther proof that thofe | 
fubftances have formerly been liquified by fire. 
| On the tops of fome high mountains, blocks 
of granite appear in great quantities. The po- 
fitions of thele blocks are fo irregular, that they 
| feem | 
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feem to have been thrown together by accident; 


' and we fhould be apt to imagine that they had 
tumbled down from fome neighbouring height, . 
~ if the places where, they are found were not 


higher than any neighbouring ground. But their 
vitrifiable nature, and their angular and fquare 


- figures, like thofe of free-ftone rocks, difcover 


thefe fubftancés to have an uncommon origin, 


Thus, in large ftrata of vitrifiable fand, we find 
_ blocks of free-ftone and granite, the figure and 
- fituation of which follow not exactly the hori- 


zontal pofition of ftrata. The rains have gra- 


1 dually brought down from the hills and moun- 


+ 


_ tains the fand with which thefe blocks were ori- 


ginally covered, by furrowing and cutting into 
thofe intervals that appear between the yolks or 


~ nuclei in free-ftone, in the fame manner as the 


hills of Fountainbleau are interfeéted. Every 


. point of a hill refembles a nucleus in free- dore 
_ quarries, and all the intervals have been fcooped 
out by the rains, and the fand they originally 


contained has been carried down to the valleys. 
In the fame manner, the angular blocks of gra- 


mite on the tops of high mountains were for- 
-merly covered and furrounded with vitrifiable 
fand, which, being gradually carried off by the 


rains, left the blocks in the pofition in which 
they happened to be formed. Thefe blocks are 
generally pointed at the top, and augment in 


thicknefs towards their bafes; one block often 


tells upon ; another, that upon a third, and fo on, 
. leaving 
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leaving irregular intervals between them: And. 
as, in the courfe of time, the fand which cover- 
ed the blocks, and filled the intervals, was wafh-_ 
ed down by the rains, there would nothing re- 


‘main on the tops of high mountains but pointed’ 
piles of irregular blocks; and hence the origin | 


of peaks, or mountains ending in fharp points. 
For, let it be fuppofed, as may eafily be pro- 
ved by the fea-bodies found in the Alps, that 
this chain of mountains was formerly covered 
by the ocean, and that a thick bed of vitrifiable 
fand was depofited upon their tops, which redu- 
ced the whole chain to a level country. This 
bed of fand would neceflarily give rife to large 
blocks of granite, of freé-flone, of flint, and of 


other bodies, the confiftence and figure of which 


originate from fand, nearly in the fame manner 
as falts cryfiallize, Thefe blocks, after the fand 
which covered them, ‘and filled their interftices, 
was carried down to the plains, by rains, torrents, 

&c, would maintain their original ftations, re- 
main bare on the tops of the mountains, and. 
conftitute all thofe peaks or pointed eminences | 
fo frequently exhibited by Nature, To the fame 
origin muft be afcribed thofe high detached rocks ! 
which are found in China and other countries, 

as invIreland, where they are diflinguifhed by 
the name ef Devil's flones, and the formation of 


which, as well as of peaked mountains, has hi- 


ae due) fo difficult to explain. The. 
explication, however, tg Ï have given, is fo. 
natural, 
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natural, that it generally occurs to every perfon, 
who examines thefe obje&s ; and, on this occa- 
fion, I will fet down a paflage from father Tar- 
tre. ‘ From Yanchuin-yen we arrived at Ho- 
“tcheou. Upon the road we remarked a fin- 
* gular phaenomenon, namely, rocks of a fur- 
* prifing height, refembling fquare towers, in the 

‘ midft of vaft plains. I cannot account for this 

‘ appearance, unlefs I be allowed to fuppofe thefe 
“rocks to have formerly conftituted a part. of 

* mountains, and that the earth, fand, and other 
.‘ loofe parts, had been praduaily wathed away 

“by the rains, and left rocks bare on all fides, 
.‘ What forties this conjeGure is, that we faw 
:# fome of them, the bafes of which were fill 
 “ furrounded with earth to a contiderable 
a height x | 
The tops of the nibnett mountains, often for 
200 or 300 fathoms, confift of rocks of granite, 
free-ftone, and other ‘hard and vitrifiable fub-~ 
. fiances: Below thefe, we frequently meet with 
quarries of marble, or hard calcinable ftone, full 
of foffil fhells; as may be feen at the great 
. Chartreufein Dauphiny, and upon Mount Cenis, 
where the ftones and marbles which contain fhells 
are fituatedfome hundreds of fathoms below the 
points or peaks of high mountains, though thefe 
beds of ftone and marble be more than 1000 
fathoms above the level of the fea. Thus thofe 
“mountains which have peaks or points generally 


confift 


| # See lettres edifiantes, tome 1. p. 135. 


250 INEQUALITIES UPON, &c. 


confift of vitrifiable. rocks; and thofe, ‘the fum- ; 


mits of which are flat, contain, for the moft part, 


marbles, and hard ftones full of fea-bodies. The. 
fame remark holds with regard to hills; for 
thofe compofed of granite or free-ftone are ge- 
nerally interfected with points, eminences, ca-_ 
vities, and fmall valleys. But thofe compofed 
of calcinable ftone are nearly of an equal height, 4 
and are only interrupted by larger and more re- | 


gular valleys, with correfponding angles; and 


they are crowned with rocks, uniform and level | 


in their pofition. 


Though thefe two fpecies de mountains feem ! 
_ to be very different, their figures have been pro-# 
_ duced by the fame caufe, as has already been: 


“| a # 


fhown: But, it may be remarked, that the cal- — 
‘cinable ftones have fuffered no change fince the / 
original formation of the horizontal ftrata. The — 


vitrifiable fands, however, may have been 


changed and interrupted by the fubfequent pro- | 
duction of rocks and angular blocks which take « 
place in fand-beds. Both {pecies have fiflures. — 
Thofe in calcinable rocks are almoft always per- ~ 
pendicular ; but thofe of granite and free-ftone © 


are fomewhat more irregular in their direction. 


# 2 


It is in thefe fiflures that metals, minerals, Cry 
ftals, fulphur, and all the (dance of ourfecond | 
clafs, are fae Below the fiffures, the waters « 
aflemble, penetrate the earth, and give rife to the | 


veins of water which every ne appear under 4 


the furface. 
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THEORY or tue EARTH. 
poe, Gali gk ui Xy 
ee. mie" Of Rivers. : 


' HAVE already ob dian in general, 
the greateft mountains occupy the middle of 
‘continents ; that thofe of a {maller kind divide 
 iflands, peninfula’s, and promontories; that, in 
the Old Continent, the dire€tion of the greateft 
chains of mountains is from weft to eaft; and 
that thofe which run to the north or fouth are 
only branches of the principal chains. It will 
appear on examination, that the greateft rivers 
have the fame direction, and few of them follow 
the courfe of the branches of mountains. To 
be convinced of this fact, we have only to run 
our eye over a common globe ; and, beginning 
with Spain, we fhall find that the Wiad: the 
é | Douro, 
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TiO: the Tagus, and the catia: run from 
caft to weft, and the Ebro from welt to eat; 
and that there is not a river of any. confidera- 
tion which runs from fouth to north, or from 
north to fouth, although Spain be almoft entire- 
ly environed by the fea on the northern and. 
_fouthern parts. This remark concerning the, 
rivers of Spain demonftrates, that the direction | 
of the mountains is from weft to eaft; that the 
fouthern provinces near the Straits are more ele- 
vated than the’ coaft of Portugal; that, in the, 
northern parts, the mountains of Galicia, the. 
Afturias, &c. are a continuation only of the 
Pyrennees ; and that this elevation of the coun- 
try, both in the fouth and north, is the caufe 
which prevents the rivers from running to the 
fea in thefe directions. 

In examining the map of France, it is appa- 
rent, that the Fo oe is the only river which 
runs from north to fouth ; and, even near one 
half of its courfe, from the mountains to Lyons, 
is from eaft to wef : But the direction of all the 
great rivers, as the Loire, the Charente, the Ga- 
ronne, and even the Seine, is from eaft to weft, 

Fhe fame obfervation ball dk with regard to 
Germany. The Rhine, like the Rhone, has the 
greateft part of its courfe from fouth to north: 
But the other large rivers, as the Danube, the . 
Drave, and all the rivers which fall into them, 
run from weft to eaft, and ion themfelves in 
the Black Sea, 


» 


Ther 
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The Black: Sea, which fhould rather be re. 
garded as a large lake, is, from eaft to welt, near- 
ly three times as long as from fouth to north; 
and confequently its direction is fimilar to that 
of thé rivers. The fame remark is applicable 
to the Mediterranean, which is nearly. fix times 
longer from eaft to weft than from north to. 
mouth, 

« bbe Cafpian, it muft be bn led) ac= 
cording to the chart made by order of the Czar 
Peter 1, extends more from north to fouth, than 
from eaft to weft. But the ancient charts re- 
_préfented it. as nearly round, or rather: as ex- 
tending more from eaft to weft. than in the 
oppofite direction. If, however, the lake Aral 
‘be confidered as a part of the Cafpian, from 
which it is feparated by a fandy plain only, the 
greateft extent of this fea will fill be from 
welt to eaft. 

‘athe courfe of the Euphrates, of F4 Pere 
gulf, and of almoft all the rivers of China, is 
likewife from weft to eatt. The rivers of the 
interior parts of Africa obferve the fame direc- 
tion, running either from weft to eaft, or from 
eat to weft. The Nile, and the rivers of Bar- 
bary, are the only ones which run from fouth 
to north. There are, it is true, large rivers in A- 
fia, as the Don, the Wolga, &c. which partly 
run from north to fouth: But they only ob- 
ferve this direction in order to fall into the Black 

and 
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and Carat feas,/ which are lakes in the interi- 
or parts of the country. | 
We may, therefore, lay it down asa fact, | 
that, in general, the rivers and mediterranean 
waters of Europe, Afa, and Africa, run or 
ftretch more from eaft to weft than from north. 
to fouth. This is a natural confequence of the 
parallel direction of the different chains of 
mountains. Befides, the whole continent of 
Europe and of Afa is broader from eaft to welt 
than from north to fouth : For the diretion of 
mountains may be confidered in two points of 
view. In a long and narrow continent, like that 
of’ South America, which contains only one 
principal chain of mountains, extending from 
fouth to north, the rivers, not being reftrained 
by any parallel chan, muft run in channels per- 
pendicular to the range of thefe mountains, that _ 
is, either from eaft to welt, or from weft to 
eaft; and this, in fa@, is the dixeclion of all the 
great rivers in America, But though, both | in 
the old and New Continent, the great rivers 
run in the fame direétion, this ÉHÉCE fh produ- 
ced by different caufes. The rivers, in the: Old 
Continent, run from eaft to weft, becaufe they . 
‘are confined by many parallel chains of moun= 
tains which ftretch from weft to eaft; but thofé 
of America cbferve the fame direction, becaufe 
there is only one chain of mountains etre | 
from fouth to north. , 
The 
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The rivers generally occupy the middle of 
the valleys, or the loweft ground between two 
oppofite hills; If the two hills have nearly an 
equal declivity, the river runs nearly in the mid- 
‘dle between :them, whether the intermediate 
valley be broad or narrow. If, on the contra- 
ry, the declivity of one of the hills be greater 
than that of the other, the river will not occupy 
the middle of the valley, but will approach to 
the fteepelt hill, in proportion to the fuperiority 
‘of its declivity. In this cafe, the middle of the 
valley is not the loweft ground between the two 
hills, but lies much nearer the fteepeft of them ; 
and confequently the river muft occupy that 
fpace. This obfervation holds univerfally where- 
‘ever the difference in. dechivity is remarkable ; 
and the rivers. never recede from ‘the ‘feenelt 
hills, unlefs,,in their courfe, they meet with 
other hills of equal declivity. In procefs of | 
time, however, the declivity of the fteepeft hill 
is diminifhed by the rains, the melting of fnow, 
 &c. The fteeper any hill is, it lofes greater 
“quantities of earth, fand, and gravel, by the 
operation of rains, oar hele fubftances are car- 
tied down into the plain with a proportionably 
greater rapidity, and, of courfe, force the ri- 
verto change its channel, or; in other words, 
fo retire into a lower part oh the valley. It 
may be added, that, as all rivers occafionally — 
fwell, and eer irs their banks; they carry off 
mud and fand, which they depofite in different 
parts 
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parts of the valley; ‘and, as fand and gravel are 
often accumulated in the channels themfelves, 
thefe circumftances make the waters overflow, 
and alter the direction of their courfe. Nothing, 
accordingly, is more common, than to find in 
valleys many old channels in whichthe river has 
formerly run, efpecially when it is rapid, fub- 
jet to frequent inundations, and carries down 
great quantities of fand and mud. - 

In plains, and extenfive valleys, watered by 
large rivers, the channels of the rivers are com= 
monly the loweft parts: But the furface of the’ 
water in the river is fometimes higher than the 
adjacent ground.- Whema river, for inftance, 
begins to overflow, it foon covers aconfderable. 
part of the plain; but the banks remain longeft. 
uncovered ‘by the water. This circumftance 
plainly fhows ‘that the banks of rivers are 
higher than the neighbouring ground ; and that, 
from the banks, to a certain part of the plain; 
there is a {mall declivity or flope. When, there: 
fore, the water rifes to the margin of the banks, 
it ene be higher than the plain. “This elevation 
of tne OU on the banks of rivers is occafion: 
ed by mud and fand being depofited in the time 
of inundations. The water, during great fwells} 
is always exceedingly foul and nny : When 
it begins to overflow, it runs flowly over the 

“banks, and, Dy. depofiting the mud and fand, it 
gradually purifies as it advances into the. plain : : 


rani all the mud; and other fubftances, which 
are 
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are not eked down by the current, are depo- 
 fited upon the banks, and gradually elevate them 
above the reft of the plain. — | 

Rivers are always-wideft at their mouths, and 
turn gradually narrower towards their fources: 
- But it is more worthy of remark, that,in the in- 
terior parts of a country, and at great diftances 
from the fea, their courfe is ftraight, and the 
frequency of their windings increafes propor 
tionally as they approach to their termination. 
I have been informed by M. Fabry,’ who per: 
. formed many journeys in the weftern parts of. 
North America, that travellers, and even the fa- 
| vages, form pretty accurate computations of 
their’ diftance from the fea, by obfervine the 
- courfes of the rivers. ‘If a river ran aioe for 
+15 or 20 leagues, they knew themfelves to be a 
great way from the coaft; but, if the finuofities 
‘were frequent, they concluded that the fea was 
“not very diftant. M. Fabry, when travelling 
through unknown and uninhabited regions, de- 
rived much advantage from this obfervation. 
“Near the fides of great rivers, the regorging of 
the water is likewife lefs apparent the farther 
“from the fea, which furnifhes another medium 
‘of judging concerning the diftance: And, as the 
 finuofities multiply the nearer rivers approach 
to their mouths, it is not furprifing that fome of 
them fhould yield to the preffure of the water, 
and give rife to feveral. branches, or divifions, 
before they reach the fea. | 

eVox, I. R whe 
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The motion of the water in rivers is very dif- 
ferent from the reprefentation given of it by 
mathematicians. The furface, taken from bank 
to bank, is not level; but the middle of the 
{tream is either higher or lower, according to 
circumftances, than'the water at the fides. When 
a river {wells fuddenly by the melting of {now, 
or any other caufe, its rapidity increafes; and, if 
its courfe be ftraight, the middle of the ftream, 
where the current is greatelt, rifes and forms a 
fenfible convexity. This elevation is fometimes 
very confiderable. M. Hupeau, who meafured 
this difference of level between the. fides and 
the ftream of the Aveiron, found it to be three 
feet. This effect muft always be produced 


= when the rapidity of the current is great ; for 


the quicknefs of the motion, by diminifhing, or 
partly preventing the action of gravity, allows. 
not to the water, in the middle of the ftream, 
time fufficient to bring it toa level with that on 
the fides, and, therefore, it remains higher. On. 
the other hand, near the mouths, though the 
current be very rapid, the water near the fides 
is commonly more elevated than that of the 
middle: The river, in this fituation, has a con- 
cave form, the loweft point of which is the. 
middle of the ftream. This effect is always pro- 
duced as far as the influence of the tides is per- 
ceptible, which, in large rivers, extends fome- 
‘times to 100 or 200 leagues Fos the fea. Itis 
likewife a fact well known, that the ftreams of 
rivers 
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rivers continue their motion a confiderable way 
through the waters of the fea. In this cafe, the 
water of the river has two oppofite motions. 
The middle, or current, precipitates itfelf to- 
wards the fea; but the action of the tide pro- 
duces a counter current, or regorging, which 
elevates the water on the fides, while that in the 
middle defcends; and, as all the water muft be 
carried down by the current, that on the fides 
conftantly defcends towards the middle of the 
ftream, with a quicknefs proportioned to the ele- 
vation it receives from the regorging of the tide. 
There are two fpecies of regorging, or dam- 
ming up, in rivers: The firft is that juft now 
defcribed, and is occafioned by the action of the 
tide, which not only oppofes the natural defcent 
of the water, but even communicates to ita 
‘contrary motion or current: The other is pro- 
duced by an inactive caufe, as a projection of 
the land, an ifland, &c. ‘Though this kind of 
‘Tegorging gives not rife to any extraordinary 
counter current, it often fenfibly retards the pro- 
grefs of {mall boats, and produces what is called 
dead water, which obferves notthe natural courfe 
of the river, but turnstabout in fuch a manner 
as greatly obftrudts the progrefs of veflels. Thefe 
dead waters are fenfibly felt in pafling through 
the arches of a bridge, efpecially if the river be | 
rapid. The celerity with which water runs, 
when the height or preflure is the fame, increafes 
in peproperuion as the diameter of the canal, 
KR 2 through 
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through which it pañles, is diminifhed. The ces 
lerity of a river, therefore, in pafling through a 
bridge, incréafes in the inverfe proportion of the 
width of the whole arches, to the total width of 
the river, This increafe of celerity, i in pafling 
through the arch of a bridge, i is fo confiderable, 
that it pufhes the water from the ftream towards 
the banks, from which it is relected,,and fome- 
times Fourie violent eddies or whirlpools. | In 
pafling under the bridge of St Efprit, the mari- 
ners are obliged fcrupuloufly to keep the ftream, 
even after leaving the bridge; for, if they al 
lowed the boat to decline either to the right or 
left, it would be driven with ‘violence againft 
the hanks, or, at leaft, would be forced into the! 
whirling or dead waters, from which they would 
find fome dificulty of efcaping. When the 
eddy is confderable, it forms a fmall gulf with 
a cylindrical void in the middle, round which 
the water turns with rapidity. This cylindrical 
cavity is an effect of the centrifugal force, 

which’ makes the water endeavour to fly off 
from the centre of the whirlpool, 

When a great fwell of the river is about to 
happen, the, water-men: perceive a particular, 
motion, which they call a moving at the bottoms 
that is, when the water at the aa moves with 
an unufual velocity, which, according to them, 
always indicates the approach of a fudden fwell. 
The motion and weight of the fuperior waters, 
manent not yet arrived, fail not to aét upon the 

rr à waters, 
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waters in the inferior parts of the river, and to 
communicate motion to them: For a river, in 
fome refpeés, muft be confidered as a column 
of water contained ina tube, and its channel as a 
‘long canal, in which every motion muft be com- 
municated from one end of it to the other. Now, 
‘independent of the motion of the fuperior wa- 
ters, their weight alone may increafe the celeri- 
ty of the river, and perhaps make it move quick. © 
eft atthe bottom; for, it is well known, that, 
when feveral boats are at once pufhed into a 
river, they increafe the motion of the water be- 
_low, and retard that of the fuperior water. 

The celerity of running waters is not in ex= 
act proportion to the declivity of their channels, 
A river with a uniform declivity, and double to 
that of another, ought not, it would appear, to 
run with more than a double celerity: But its 
celerity is much more quick, being fometimes 
triple, fometimes quadruple, &c. The celerity 
depends more upon the quantity of water, and 
‘the weight of the fuperior waters, than upon 
the degree of defcenn In digging the bed of a 
river or drain, it is unneceflary to make the de- 
icent uniform through its whole extent. A 
quick motion is more ealily produced by ma- 
king the decli ivity much greater at the fource 
than at the mouth, where, like the beds of na- 
tural rivers, it is almoft imperceptible, and yet — 
they preferve their celerity, which is more or 
lefs, according to! the quantity they contain; for 
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in great rivers, even where the ground is level, 
the water ftill runs, not only with the velocity 
originally acquired, but with the accumulated 
velocity produced by the aétion and weight of 
the fuperior waters *. ‘To make this matter ftill 
more plain, let us fuppofe the Seine from Pont- 
neuf to Pont-royal to be perfe@ly level, and to 
_ be ten feet deep; let us alfo fuppofe the bed of 
the river below Pont-royal and above Pont-neuf, 
to be fuddenly dried up; the waters, in this cafe, 
would run both up and down the channel, till 
their equilibrium was perfectly reftored. This 
effet is produced folely by the weight of the 
water, which never allows it to remain at reft 
till its particles are equally preffed on all fides, 
and its furface reduced toa perfect level. The 
weight of water, therefore, contributes greatly 
to increafe the celerity of its motion. This is 
‘the reafon why the greateft celerity in a current | 
of water is neither at the bottom nor at the fur- 
face, but nearly in the middle, which is prefled 
both by the column above, and by the reaction. 
from the bottom. But, what is fill more, when” 
a river acquires a great celerity, i it will not only 
preferve it, though running through a level. 
country, but even furmount heights, without. 
|  fpreading. 


.* By not attending to Miele circumftances, M. Khun was led 
falfely to affirm, that the fource of the Danube was at leaft two 
German miles higher than its mouth; that the Mediterranean, 
is 63 German miles lower than the fources of the Nile; that the 
aautie ocean is half a mile lower than the Mediterranean, &c. 
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-fpreading much to a fide, or, at leaft, without 
Beroducing an inundation of any moment, 

One would be apt to imagine, that bridges, 
and other obftacles erected in rivers, would create 
a confiderable diminution of por in their 
whole courfe. But the difference is very {mall. . 
The water, upon meeting with any obftacle, rifes, 
in order to furmount it; and the increafe of ce- 
lerity communicated by its fall, nearly compen- 
fates the retardation occafioned by the obftacle. 
Thus, finuofities, projeétions from the land, and 
iflands, create but a fmall variation on the total 
celerity of a river’s courfe. The moft confide- 
rable alterations are produced by the greater or 
leffer quantities of water ; when the quantity is 
{mall, a river runs flow, when great, it runs with 
rapidity. . 

_ If rivers were always equally full, to enlarge 
their channels would be the beft method of di- - 
minifhing their rapidity, and to contain them 
within their banks. But, as almoft all rivers 
rife and fall, it is more neceflary, for this latter 
purpofe, to narrow their channels; for {mall 
waters, with large channels, generally {coop 
out winding beds in the middle; and, when they 
fwell, they follow the direction of thefe particu- 
Jar beds, and, by ftriking with violence againft 
the banks, often do much injury to mills and 
other works. Thefe bad effects might be pre- 
vented, by digging gulfs in the earth at conve- 
gent diftances. To du a Ho this purpofe, a 
part 
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part of one of the banks fhould be cut through, | 
and the earth removed for a confiderable fpace. 
Thefe fmall gulfs fhould be made in the ob-. 
-tufe angles of the river; for the water, in turn- | 
ing, would run-into them; and, of courfe, its 
_celerity would be diminifhed. This method 
might be ufeful in preventing the fall of bridges ! 
in places where fufficient barriers cannot be erect-— 
ed to refift the weight of the water. | a 
The manner in which inundations are pro- : 
duced, merits particular attention. When a ri-W 
ver fwells, its celerity uniformly increafes, till” 
it begins to overflow the banks: From that mo- 
ment its rapidity is checked, which is the reafon ï 
why inundations always continue feveral days; 
for, though the quantity of water fhould ben 
diminifhed after the commencement of the in-W 
undation, it would, notwithftanding, continue | 
10 overflow; becaufe this circumftance depends! 
more on tHe celerity than on the quantity of | 
water. If it were otherwife, rivers would of. 
ten overflow their banks for an hour or two,” 
and then retire to their channels, which never” 
happens. An inundation, on the contrary, al-_ 
ways lafts fome days, although the rains have” 
ceafed, and lefs water runs in the river; becaufe” 
the overflowing of waters diminifhes their cele=h 
rity; and, confequently,- although the fame: 
quantity of water arrives not in the fame. times 
as formerly, the effect is the fame as if a larger, 
Dron had been brought down... Itmay like= 
wile 


} 


ORFs Rt IV VIE: RYS. 265 


wife be here remarked, that, if a high wind 
blows contrary to the current of the river, the 

inundation will be increafed by this occafional | 
_ caufe, which diminifhes the celerity of the wa- 
ter; but, if the wind blows in the direQion of 
the current, the inundation will be lefs, and re- 
tire more quickly. 

‘ The inundation of the Nile, fays M. Gran- 
Bets ‘has long been a fubjedt of difcuffion a- 
‘mong the learned. Moft of them have confi- 

‘ dered it as a fingular and wonderful phaeno- | 
menon, though nothing be more natural or 
more common; for it takes place in every 
country, as well as in Egypt. “Che inundation 
of the Nile is occafioned by the rains which fall 
in Ethiopia and Abyflinia; but the north wind 
may be regarded as the principal caufe of it: 
1. Becaufe the north wind drives the clouds 
which contain this rain into Abyflinia: 2. Be- 
caufe it prevents the water from running out 
of the mouths of the river in any great quan- 
tity, by damming up the ftream. The great 
effet of this wind may be remarked every 
£ feafon; for, when it changes from north, the 
. © Nile lofes more water in one day than in four,’ 
| Inundations are generally greateft in the fu- 
 perior parts of rivers; becaufe, as formerly ob- 
ferved, the. velocity of a river uniformly in- 
_creafes till it empties itfelf in the ocean. Father 
Caftelli, a fenfible writer on this fubjeé&t, re- 
marks, that the banks, raifed for the purpofe of 
keeping 
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keeping the Po from overflowing, gradually di- 
minifh in height, as the river approaches to the 
fea; that, at Ferrara, which is 60 or 70 miles 
from the mouth of the river, the banks are a- 
_bout 20 feet above the ordinary level of the 
water; but that, at 10 or 12 miles from the | 
fea, though the channel be equally narrow as 
at Ferrara, they are not above 12 feet *, 

In fine, the theory of running waters is fub- 
_je& to many difficulties. It is not eafy to give 
general rules which will apply to every particular 
cafe. For this purpofe, experience is preferable 
to fpeculation: It is not enough that we know 
the common effects of rivers in general; but, if 
we would reafon juftly, and give ftability to 
our labours, we ought to ftudy the peculiari- 
ties of particular rivers in which we have an 
intereft, Though the remarks I have made be 
generally new, a greater collection is neceflary. 
Perhaps we fhall in time acquire a diftin@ 
knowledge of this fubje@, and be enabled to 
give certain rules for dire@ing and confining 
_ rivers in fuch a manner as will prevent the de- 
ftruction of bridges, banks, and other damages 
occafioned by the impetuofity of the waters. 

The greateft rivers of Europe are, the Wol- 
ga, the courfe of which, from Refchow to Aft= 
racan on the Cafpian Sea, is about 650 leagues; _ 
the Danube, which runs about 450 leagues, 

from 


* See Racolta d’autori che trattano del moto dell’ acque, 
vol. y. p. 123. 2 
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from the mountains of Switzerland to the Black 
Sea; the Don, the courfe of which, from the 
_fource of ‘the Sofna, which receives it, to the 
Black Sea, is 400 leagues; the Nieper, which 
likewife falls into the Black Sea, after running 
350 leagues; the Duine, which empties itfelf in 
. the White Sea, runs a courfe of about 300 
leagues, &c. 

The greatett rivers of Afia are, the Eros! 
in China, which rifes at Raja-Ribron, and after 
running 850 leagues, falls into the middle of the 
gulf of Changi, in the Chinefe fea; the Jenifca, 

which runs from Lake Selinga to the northern 
Les of Tartary, a courfe of about 800 leagues; 
the Oby, the courfe of which, from Lake Kila | 
to the north fea beyond Waigat’s Straits, is a- 

bout 6ooleagues; the river Amour, in eaft Tar- 
_ tary, has acourfe of 575 leagues, from the head 
: of the river Kerlon, which falls into it, to the fea 
of Kamtfchatka; the river Menancon may be 
_ meafured from the fource of the Longmu, 
which falls into it, to its mouth at Poulo-con- 
dor; the Kian, the courfe of which is about 

550 leagues, from the fource of the Kinxa, 
which it receives, to its termination in the fea 
of China; the Ganges, which has a courfe near- 

ly of the fame extent with the Kian; the Eu- 
 phrates, computing from the fource ‘of the Ir- 
“ma, which it receives, runs about 500 leagues; 
“ the Indus, which runs about 400 leagues, and 
falls into the Arabian fea on the eaft of Guza- 
: Wee 
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rat ; and the Sirderoias, which runs about 400 
leagues, and falls into Lake Aral. | 
The greateft rivers of Africa are, the Sene- : 
gal, the courfe of which, comprehending the 
Niger, which is a continuation of it, and the 
fource of the Gombarou, which falls into the. 
Niger, is about 1125 leagues ; the Nile, which 
rifes in Upper Ethiopia, runs about 970 leagues. 
There are others, the courfes of which are but 
partially known, as the Zaira, the Coanza, the 
Couama, and the Quilmanci, each of which we 
are acquainted with to the extent of 400 leagues, 
Laftly, in America, the river of the Ama- 
zons runs more than 1200 leagues, if we rec- 
kon from. the lake near, Guanuco, 30 leagues 
from Lima, where the Maragnon rifes ; or, even 
computing from the fource of the river Napo, 
near Quito, the courfe of the Amazons is more. 
than. 1000 leagues *. | A 
The courfe of the river St Lawrence in Cana- 
da is more than goo leagues, computing from 
its mouth to Lake Ontario, from that to Lake 
Huron, Lake Superior, Lake Alemipigo, Lake 
Chriftinaux, and the lake of the Affiniboils, the 
waters of all which fall into one another, and 
at laft into’the river St Lawrence. | à 
The river Miffifippi runs more than 700 
leagues, from its mouth to any of its fources, 
which are not far from the lake of the Affini-. 
boils, | { 


| Fhe; 
* See Voyage de Condamine, p. 15. 


The river Plata extends more than 800 
CAE from its mouth to the fource of the 
Parana, which it receives. 

The river Oronoko runs more than 575 
Jeagues, reckoning from the fource of the river 

Caketa, near Pafto, which partly falls into the 
_ Oronoko, and partly runs towards the tiver of 
the Amazons *, 

The Madera,. which falls into the Amazons, 
extends more than 660 leagues. | 

In order to compute the quantity of water 
difcharged into the fea by all the rivers, we thall. 
fuppofe, which is nearly the truth, that one half 
of the earth’s furface is fea, and the other half 

dry land: We fhall likewife fuppofe the mean 
_ depth of the fea to be about 230 fathoms. The 
total furface of the earth is 170981012 {quare 
_ miles, and that of the fea is 85490506 fquare 
miles, which being multiplied by : 1-fourth, 
the depth of the fea, gives 21372626 ba 
miles for the quantity of water contained 
in the whole ocean. : Now, to compute the 
. quantity difcharged into the, ocean by the 
rivers, let us take a river, the velocity and 
_ quantity of whofe waters are known; the Po, 
_ for example, which pafles through Lombardy, 
and waters a country of 380 miles’ in length. 
According to Riccioli, the breadth of the Po, be- 
_ fore it divides into branches, is 100 perches of 

Boulogne, or 1000 feet; and its depth is ro 
feet; and it runs at the rate of 4 miles in an 


hour ; 
* See M. Condamine’s map. 
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hour: Confequently the Po difcharges into the 
_ ea 200,000 cubical perches of water in an hour, 
or 4,800,000 in a day. Buta cubic mile con- 
tains 125,000,0000 cubic perches; of courfe, it 
_ will require 26 days to difcharge into the fea a 
cubic mile of water. It only remains to deter- 
mine the proportion that the Po bears to all the 
rivers of the earth taken together, which cannot 
be done exa@ly. But, to approach nearly to the 
‘truth, let us fuppofe thatthe quantity of water 
which the fea receives from the great rivers in 
every country, is. proportioned to the extent of 
the furfaces of thefe countries; and, confequent- 
ly, that the country watered by the Po, and by 
the rivers which fall into it, is to the total fur- 
face of the dry land as the Po is to all the rivers 
of the earth. Now, by the moft exaét charts, 
it appears that the Po, from its origin to its 
mouth, traverfes a country of 380 miles in 
length; and the rivers which fall into it on each 
fide arife from fources which are about 60 miles 
_ diftant from the Po. Thus, the Po, and the ri- 
vers it receives, water a country 380 miles long, 
and 120 broad, which makes 45600 fquare 
miles. But the furface of the dry land is 
85490506 fquare miles ;.confequently, the quan- 
tity of water carried to the fea by all the rivers 
will be 1874 times greater than the quantity 
difcharged by the Po. But, ‘as 26 rivers, equal 
to the Po, furnifh a cubic mile of ‘water each 
Hays it follows, that, in the fpace of a year, 
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1874 rivers equal to the Po, will carry to the 
me tea 26308 cubic miles of water; and that, in 
_ 812 years, all thefe rivers would difcharge 
21372026 cubic miles, which is a quantity equal 
_to what is contained in the ocean; of courfe, if 
. the ocean were empty, 812 years would be ne- 
ceflary to fill it by the rivers*. 
_. It is a refult of this calculation, that the quan- 
D of water raifed from the fea by evapora- 
tion, and tranfported gupon land by the winds, 
is from 20 to 21 inches in the year, or about 2 
of a French line each day. This evaporation, 
. though tripled to make allowance for what falls 
back into the fea from the clouds, is very incon- 
 fiderable, Mr Halley Ÿ has ae demonftrated, 
that the vapours tranfported from the fea, and 
 difcharged upon the land, are fufficient to main- 
- tain all the rivers and lakes in the world. 
After the Nile, the Jordan is the largeft river 
in the Levant, or even in Barbary. It difcharges 
each day into the Dead Sea about 6,000, 000 of 
tons. All this water, and more, is carried: of 
_ by. evaporation; for, according to Halley’s cal- 
culation of 6914 tons evaporated from each {u- 
perficial mile, the Dead Sea, which is 72 miles 
long and 18 broad, muft lofe, every day, by 
. evaporation, near 9,000,000 of tons; that is, 
. not only all the water it receives pe the Jor- 
| Ban but from the fmaller rivers which come 
from 


* See Keil’s examination of Burnet’s theory, p. 126 
? See Phil. Tranf. num. 192. 
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from the mountains of Moab, and elfewheté. | 
Of courfe, this fea has no occafion to communi-— 
_cate with any other by fubterraneous paflages *, 
The moft rapid of all rivers are, the Tigris, . 
the Indus, the Danube, the Yrtis in Siberia, the 
Malmiftra in Cilicia, &c.T But, as was for-_ 
merly remarked, the velocity of rivers depends © 
both on the declivity and the weight of water. | 
In examining the globe, we find that the Da- 
aube has lefs declivity than the Po, the Rhine, 
or the Rhone; for the courfe of the Danube is | 
longer, and it falls into the Black Sea, which ig 
higher than the Mediterranean, ery pape 
than the ocean., : 
Great rivers, in pit courfe, are “conflantly | 
receiving fmall ones into their channels. The! 
Danube, for example, receives more than 200 
brooks and rivulets. But, if we reckon only. 
rivers of fome confideration, we will find, that 
the Danube receives 30 or 31, the Wolga 30 GE 
33, the Don 5 or 6, the Nieper rg or 20, the 
Duine 11 or 12. The Hoanho, in Afia, receives. 
34 or 35 rivers, the Jenifca more iat 60, the 
Oby an equal number, the Amour about 40, the 
Kian, or river of Nankin, 50, the Ganges more — 
than 20, the Euphrates 10 or rr, &c. In Afri-u 
ca, the Senegal receives more than 20 rivers’; 
the Nile receives none lower than 500 92190) 
from its mouth, the laft which falls into it bez 
ing the Moraba ; and from this place to its 
fource, 
* See Shaw’s tea + See Varenii Geos. p. 178. 
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| fource, it receives about 12 or 13.) In America, 
the Amazons receives more than 60 dede 
rable rivers, St Lawrence about 40, reckoning 
thofe which fall into the lakes, the. Mififippi 
more than 40, the Plata above so, &c. 

Upon the furfaceof the earth, there are ele 
vated countries which feem to be points of par: 
tition marked out by nature for the diftribution 
_ofthe waters. In Europe, one of thefe points 
is Mont Saint-Godard; and its environs. An- 
other point is the country fituated’ between the 
provinces of Belozera and Wologda in Mufcovy, | 
from which many rivers defcend, fome into the 
White Sea, fome into the Black, tnd others into 
the CAF du In Afia, there are feveral points of 
partition, as the country of the Mogul Tartars, 
fome of whofe rivers run into the fea of Nova 
Zembla; others into’ the g#ulf of-Linchidolin, 
_ others into the fea of Corea, and others into that 
of China; and the Lefler Thibet, the rivers of | 
which run into the Chinefe fea, into the gulf of 
- Bengal, the eulf of Cambaia, and the La ke Aral, 
_ The province of Quito, in America, difcharges 
its ‘rivers into the fouth and north feas, and into 
the gulf of Mexico. 

In the Old Continent, there are about 430 
tivers which direétly fall either into the Ocean, 
“or into the Mediterranean and Black Seas, But, 
“in the New Continent, we know of only 135 
‘rivers which fall immediately into the fea, In 
Bovor. L es this 
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this number I have reckoned none which are 
not as large as the river Somme in Picardy. 

All thefe rivers tranfport, from the countries 
through which they pafs, into the fea, great 
quantities of mineral and faline particles. The 
particles of falt, which diffolve in water, are eafily 
carried dense the fea. Several philofophers, and 
* particularly Halley, have alledged, that the falt- 
nefs of the fea proceeds alone from the particles 
of falt tranfported by the rivers: Others main-. 
tain, that this faltnefs was coeval with the fea | 
itfelf, and that the falt was created to prevent 
the waters from corrupting. But the agitation 
of the fea by the winds and the tides is, 1 ima-. 
gine, a caufe equally powerful as the falt in pre-. 
ferving it againft putrifaction; for, when bar- | 
relled up, it corrupts in a few days. And Boyle 
informs us of a navigator who was overtaken 
with a calm which lafted 13 days, and who af- 
fured him, that the water became fo putrid, that, 
if the calm had continued much longer, the 
whole crew would have perifhed *. Sea-water is 
alfo impregnated with a bituminous oil, which 
renders it both unwholefome and difagreeable 
to the tafte. The quantity of falt in fea-water 
is about a fortieth part, and it is nearly of an 
equal. faltnefs at the furface and at the bottom, 
under the Lineand at the Cape of Good Hope; 
though there are fome particular places, as off | 
the Mofambique coaft, where itis more falt than 

in 
* See Boyle, vol. 3. p. 222. | 
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in others *. It is likewife faid to be lefs falt 
within the Arétic circle: But this phaenomenon 
may proceed from the immenfe quantities of 
fnow, and the large rivers which fall into thefe 
_{eas, and from the proportional defeét of evapo- 
ration. . 1 | 

- However this matter ftands, I believe, that 
the faltnefs of the ocean is not only occafioned 
by the many. banks of falt at the bottom of the 
fea, and along the coafts, but likewife by the 
. falts continually brought down by the rivers ; 
that Halley was right in his conjecture that | 
there was originally little or no falt in the fea, 
but that its faltnefs gradually augmented in pro- 
‘portion as falt was fupplied by the rivers; that 
the degree of faltnefs is perpetually increafing ; 
and, confequently, that, by computing the total 
quantity of falt carried down by the rivers, we 
might be enabled to difcover the real age of the 
world. Mr Boyle affirms, on the authority of 
divers and pearl-fifhers, that the water is colder 
in proportion to its depth; and that, at great 
depths, the cold becomes fo exceflive as to oblige 
_ them to come up much fooner than ufual. But 
the weight of the water may be as much the 
caufe of their uneafinefs as the intenfenefs of the 
‘cold, efpecially when they defcend 300 or 400 
fathom. - Divers, however, feldom go deeper 
“than 100 feet. The fame author relates, that, 
“na voyage to the Eaft Indies, when they ar- 
e Pais Runs Mt rived 
ar” Sce Boyle, vol: 3. p. 217. 
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rived at the 3sth degree of fouth eer they 
founded to the depth of 400 fathoms, and when 
the lead, which weighed about 30 ‘pounds, was. 
drawn up, it had become as cold as ice. . dt 18 
likewife a common practice at fea to ‘fink the. 
bottles feveral fathoms, in order to cool their. 
wine; and, it is faid, that the deeper the bottles ! 
are funk, the wine becomes the cooler. , 
Thefe fa@s would lead us'to imagine, that” 
the fea- water was falter’at the’bottom ‘than at 
the furfice. But they are oppofed by facts of a" 
contrary nature: Experiments ‘have been made 
withveffels which opened only atacertain depth, - 
and the water was not found>to be falter: than : 
that at the furface. ‘There are even examples | } 
of the water at the bottom being frefher than at | 
the furface: This phaenomenon is exhibited in 
all thofe places where fprings arife from the bot- 
tom of the fea, as near Goa, at Ormus, and in" 
the fea of Naples, in which there are 2) 
warm fprings. ) \ 
In other places, fulphüreous fprings and pedal | 
of bitumen*have been difcovered at the bottom 
of the fea; ‘and, upon land, there are numerous 
fprings of bitumen which run into the fea. At” 
Barbadoes, there is a fountain of bitumen which” 
runs from the rocks into the fea. Bitumen and. | 
falt, then, are the principal ingredients in fea-_ 
water. But it is blended with many other fubs 
“ftances; for its tafte differs confiderably in dif= 


ferent parts of the ocean: _Befides, agitation and 
the, 
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the heat of the fun change the natural tafte of 

fea-water; and the different colours of different : 
feas, and even of the fame fea at different times, 

prove it to be mixed with many heterogeneous 

bodies, which are detached either from the bot- 

tom, or carried down by the rivers, 

Moft countries that are furnifhed with large 
| rivers are fubjeét to periodical inundations ; and 
thofe rivers which have long courfes overflow 
with the greateft regularity. Every body has 
heard. of the inundations of the Nile, the waters 
of which, though fpread over a large track of 
» country, aiid at a great diftance from the fea, 
| “ preferve their fweetnefs andtranfparency. Sena 
_and other ancient authors tell us, that the Nile 
| had feven mouths; but now only two which are 
navigable remain: A third canal, indeed, fup- 
plies the cifterns of Alexandria; and there is a 
‘fourth, which is fill lefs confiderable. As the 
“cleaning of thefe canals has long been neglected, 
they are mofily in ruins. In thefe works the 
ancients employed annually a vaft number of 
workmen and foldiers, who carried off the mud 
‘and fand which this river brings down in great 
quantities. The overflowing of the Nile is occa- 
_fioned by the rains which fal llin Ethiopia: They 
‘begin in April, and end not till September. Du- 
ring the firft three months, the days are ferene 
“and beautiful; but the fun no fooner fets, than 
“the rains begin, continue inceflantly till fun- 
Wifing, and are commonly accompanied with 


De ore thunder 


thunder and lightning, | ‘The inundation in 
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Egypt begins about the 17th of June; it Eee] | 
rally takes 40 days 1 in fwelling, and as many in 
fubfiding. The whole flat country of Egypt is. 
overflowed : But the inundation is not now fo. 
great as in ancient times; for Herodotus affirms, | 4 
that the Nile fwelled 100 days, and required an 
equal time to fubfide. If this fact be true, the | 
difference can be afcribed to no other caufes but! 
the gradual elevation of the land by the mud 
brought down and depofited, and the diminution | 
in the height of the mountains from which this” 
river derives its fource. It is natural to think, 


that the height of the mountains is diminifhed ; 1 


for the heavy rains that fall in thefe regions due | 
ring one half of the year, bring down great 
quantities of fand and earth from the tops of 
the mountains into the valleys, from which they! 
are tranfported by torrents into the channel of. 


the Nile, and are partly depofited on the land by 


the inundations. — À 
The Nile is not the only river that has regu-" 
lar and annual overflowings: The Pegu, which 
1S equally regular i in its sida bat has, from 
this circumftance, got the name of the Indian 
Nile. It overflows the country for 30 leagues 
beyonds its banks, and, like the Nile, leaves great | 
quantities of mud and flime, QE enrich the 
ground fo much, that it produces, excellent pa~ 
fture for cattle, and cnables the inhabitants to 


export. 
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export rice *. The Niger, or, which is the fame 
thing, the upper part of the Senegal, overflows 
and covers the whole flat country of Nigritia. 
Its inundations, likethofe ofthe Nile, begin about 
the middle of June, and increafe Le 40 days. 
The Plata, in Brafil, overflows annually, and at 
the fame time with the Nile, The Ganges, the 
Indus, the Euphrates, and fome other rivers, 
produce annual inundations. But all rivers are 
not fubject to periodic inundations: . Thele pro- 
ceed from a combination of caufes, which, at 
the fame time, augment the quantity of water, 
_ and diminith its velocity. 

We formerly remarked, that the declivity of. 
rivers gradually diminifh till they arrive at the 
fea. But, in fome places, the declivity 1s more 
fudden, and forms what is called a cataract, 
which is nothing more than an unufually rapid 
fall of the water. In the Rhine, for example, 
there are two cataracts, one at Bilefeld, and the 
other near Schafhoufe. The Nile has feveral 
catarads : Twoof the moft remarkable fall from 
a great height, between two mountains. In the 
Wologda, in Mufcovy, there are alfo two, near 
Ladoga. The Zaire, a river in Congo, com- 
mences with a large cataract, which falls from 
. the top of a mountain. But the moft celebra- 
red catara&t is that of the river Niagara in Ca- 
nada : It falls, in a prodigious torrent, 156 feet 
of perpendicular height, and is a fourth part of 
| a 

# See Les Voyages d’Ovington, tom. 2. p. 290. 
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a league in date The vapour of the water 
rifes to the clouds, is feen at the diftance of five 
leagues, and, when the fun fhines above i It, exe 
hibits a rate rainbow. . Below this catara@, | 
the whirlpools and commotions of the waters 
are fo tremendous, as to render navigation im- 
practicable for fix miles; and immediately above 
the. cataract the river-is much narrower. than 
higher up *. Charlevoix f deferibes it. in the. 
fille int ts manner : 


sn dll À 
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| “My firft care, after my shots was to vit 
* the nobleft Hate de perhaps, in che world; but 
‘ Lprefently found ee Baron de la Houréb had 
* committed fuch a miftake with refpett to its. 
* height and figure, as to create a fufpicion that 
* he had never féen it. If, however, you mea- \ 
‘ fure its height by that of the three mountains « 
‘ you are obliged to climb to get at it, it does 
‘not fall much fhort of what the map of M. 
‘ ‘ Deflifle makes it, thats, Goo feet. He: hifi | 
* probably adopted this paradox, either on the 
* faith of the Baron dela Hontan, or of Father i 
‘Hennepin, : But, after I arrived at the fummit _ 
* of the third mountain, L'obferved, that, in the 7 
$ fpace of three léngéee which I had to walk , 
‘ before I came to this piece of water, though | 
*-you are fometimes obliged to afcend, you muft M 
* yet defcend fill more ; a citcumftance to which _ 
‘travellers feem not to Seige fufficiently attende | | 


fed.’ As it is impoffiblé to approach. it but on. 


* See Phil. Tranf. Abridg, we 6. part 2, p. 119, cae | 
# Tom. 3. p.353. 2 400 
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 #one fide, and confequently to fee it, except in 


‘profile, it is no eafy matter to meafure its 
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height with inftruments. It has, however, 
been attempted by means of a pole tied to a 
Jong line, and, after many trials, it has been 


found to be only 115, or 120 feet high. But 


it is impoñlible to be fure that the pole has not 
been ftopt by fome projefing rock; »for, 
though it was always drawn up wet, as well 


vas the end of the line to which it was tied, 


this circumiftance proves nothing, as the water 
which precipitates itfelf from the mountain, 
rifes very high in foam. For my Own part, 
after having examined it on all fides, where it 
could be viewed to the greateft advantage, I 
am inclined to think that we can cannot allow 
it to be lefs than a hundred and forty or fifty 


‘feet high. 


‘ As to its figure, it rebieribdes that of a horfe- 
fhoe, and 1s about 400 paces in circumference. 
It is divided into two, exadly in the middle, 
by a very narrow ifland, half a quarter of a 
leaguelong. It istrue, thefe two parts very foon 
unite; that on my fide, and which I could 
have a fide view of only, has feveral branches 


* which ‘proje& from the body of the cafcade, 


but that which I viewed in front, appeared to 


“me quite entire. The Baron de la Hontan 


mentions a torrent, coming from the weft, 
which, if this author has not invented it, muft 
certainly fall through fome channel during — 
ne melting of the Gone only,’ 


Thea 
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© Three leagues from Albany, in the province 
of New York, there isa cataract of 50 feet per-= 
pendicular height, the vapour of which likewife — 
gives rife to a rainbow *. ( 

‘In every country where the sarstias of men 
is too inconfiderable for forming and fupporting 
polifhed focieties, the furface of the earth is 
more unequal and rugged, and the channels of 
rivers are more extended, irregular, and often — 
interrupted by cataraéts. The Rhone and the ~ 
Loire would require the operation of feveral À 


ee PRESS 


ES DES ee ET ee 


ages before they became navigable. It is by 
confining and directing the waters, and clearing 
the bottoms of rivers, that they acquire a fixed 
and determinate courfe. In thinly inhabited — 
regions, nature is always rude, and fometimes — 
deformed. 

Some rivers lofe Eee in the fands, and 
others feem to precipitate into the bowels of the » 
earth. The Guadalquiver in Spain, the river of 
Gottenburg in Sweden, and even the Rhine, 
difappear under ground. It is afirmed, that, in 
the weft part of the Ifland of St Domingo, there « 
is a pretty high mountain, at the foot of which » 
are feveral large caverns that receive the rivers — 
and brooks; and the noife of their fall is heard 
at the diflance of feven or eight leagues . The 
number of rivers, however, which difappear in 
the earth, is very {mall; and they feem not to de- 

4 a! | teed 


* See Phil. Tranf. Abridg. vol. 6. part 2. p. 119. 
- ¢ See Varen. Geogr, p. 43. 
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fcend very deep. It is more probable, that, like 
the Rhine, they lofe themfelves by dividing and’ 
_ difperfing through a large furface of fand, which 
is very common with thofe fmall rivers that 
run through dry and fandy ground, of which ~ 
there are many examples in Africa, Perfia, 
Arabia, &c. 
+ The rivers of fa north carry down to the 
fea prodigious quantities of ice, which, by accu= — 
_ mulating, form thofe enormous FA fo dan- 
gerous to the mariner. The ftraits of Waigat, 
_ which is frozen during the greateft part of the 
year; is moft remarkable for thefe mafles of ice, 
that are conftantly brought into the ftraits by 
the river Oby. They attach themfelves all a- 
long the coafts, and rife to great heights; The 
middle of the ftrait freezes laft, and the ice, ‘of 
courfe, does not rife fo high as on each fide. 
When the north wind ceafes, and it blows in the 
_ direétion of the ftraits, the ice begins to melt and _ 
- to break in the middle; then large mafles are 
detached and tranfported into the open fea. 
The wind, which blows during the whole win- 
- ter from the north, over the frozen country of 
Nova Zembla, renders the regions watered by 
the Oby, and all Siberia, focold, that, at Tobol- 
fki, in the 57th degree, there are no fruit trees, 
though at Stockholm in Sweden, and even in 
higher latitudes, they have fruit trees and legu- 
minous plants. ‘This difference proceeds not, 
as Des been imagined, from the fea of Lapland 
| being 
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being colder than:that of the ftraits, nor front 
the country of Nova Zembla being. colder than. 
that of Lapland, but from this. circumftance a, 
lone, that the Baltic and the fea of Bothnia fof- 
ten the rigour of the north wind; whereas, in | 
Siberia, there is nothing to check. its. activity. 
This folution is a refult of experience. The cold — 
is never fo intenfe near the fea coafts as in the 
interior parts of a country. There are plants 
which endure the openair all winter at London, 
which cannot be preferved at Paris: And Sibe- 
ria; which is a vaft continent, is, for this reafon, 
colder than Sweden, which is almoft furround= — 
ed with the fea. :, : 1: i 

Spitzbergen is the coldeft country in ; the 
world; It runs as far as the 78th degree of ! 
north latitude, and is compofed of fmall, pointed 
‘mountains. Thefe mountains confit of gravel, ; 
and of flat ftones, like gray flate, heaped upon. 
one another. According tothe accounts of voy- 
agers, thefe hills are-raifed by the winds, and 
new ones appear every feafon. In this country « 
no quadrupeds live but the rein-deer, which 
feeds upon mofs. Beyond thefe hills, and.a- — 
bove a league from the fea, the maft of a fhip 
was lately Fais with a pully fixed to one end : 
of it; from which circumftance, it has been — 
concluded, that this is a new country, and that 
it was formerly covered with the fea: It is un- 
inhabited and uninhabitable; for the hills have! 
no confiftence, but are loofe and moveable ; and 
| | ae 
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a vapour proceeds from. the earth, fo cold and 
penetrating, as ‘to preclude the. poflibility of re- 
maining any time upon this eu and AA 
pitable land. 
The whale-fithing. vellels'arrive at Sptrbeb 
_ genin july, and dust from it about the mid- 
"dlelof Auguft.}- The ice permits them not: to 
arrive fooner, or to remain cris In thefe 
feas there are naa ie boards'of ice, clear and 
cfhining as glafs, and from 60 to 80 fathoms 
thick; and, in forhe places, the fea appears; to 
be ree to the bottom *. 
_ The feas of North America are likewife much 
| ‘infefted with ice, as in Afcenfion- bay; in Hud- 
fon’s, Cumberland’ s, Davis's, and Frobifher’s 
bac. &c. : We are affured ‘by Robert Lade, 
Pthat the mountains of Friefland are entirely co- 
- vered with {now ; and that the ice furrounds the 
ous, and, like a Bal pk bit Eee all approach 
-fo thém, ‘It is remarkable,’ lays. he, ‘ that, in 
‘this fea, we meet with ‘lane of ice, more than 
Efchalf a Lait, in circumference, e exceedingly 
‘high, and defcend from 70 to 80 fathoms 
‘deep. ‘This ice, which is fweet, is perhaps o- 
“riginally formed in the rivers or ftraits of the 
ÿ à si lands, &c. ‘Thefe iflands orrmoun- 
* tains of ice are moveable, and, in ftorms, they 
*follow the tract of a fhip, as if they were 
“ drawn after her by a rope. Some of them 
| ‘rife 


_ # See recueil des voyages du Nord, tom. i. pe 154% 
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ef fo fish above water, that they furmount 
‘ the tops of the talleft mafts *,’ &c. 

‘In the voyages collected for the ufe of fhe 
Dutch Eaft India Company, we have the fol- 
“lowing account of the ice off Nova Zembla: 
© At Cape Trooft, the weather was fo foggy, as 
“to oblige us to moor our veflel to a bank of 

‘ice, which was 36 fathoms below, and 16 a- 
“bove the furface of the water. On the roth 

‘of Auguft, the ice began to feparate, and to 
‘float; we then remarked, that the mafs to 
. eich our veflel had been moored, touched 
“the bottom; for, though the others were all. 
‘in motion, and ftruck againft it, and againft 

‘each other, it remained immoveable. We 

‘were now afraid of being frozen in, or dathed 
“to pieces; we, therefore, endeavoured to C= 
: {cape from this latitude, though the vef- 
“ fel, in her courfe, was obliged to pufh through 
€ theice, which made a great noife round. us for 
à confiderable diftance: We at laft anchored 

ROBE another board of ice, where we remains, 

ed that night. 

‘During the firft watch, the ice began to 
* fplit, with an inconceivable noife. The fhip’s, 
‘head kept fo ftrongly to the current in which 
‘ the ice-boards floated, that we were obliged to. 
‘veer the cable in order to get her off. We 
* counted above 400 blocks of ice, which fank 

, 6 10 
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© 10 fathoms below the water, and appeared to 
€ rife about 2 fathoms above it. 
‘We then moored the veffel to another block 
* of ice, which was immerfed below the furface 
‘about fix fathoms. At a little diftance from 
* this ftation we perceived a large bank, which 
“was pointed like a cone, and reached to the 
* bottom of the fea: We approached it, and 
found it to-be 20 fathoms below, and About 
* 12 above the furface of the water. 
* On the 11th, we failed up to another bank, 
* which was 18 fathoms below the furface, and 
»‘ 10 fathoms above it. 
‘. ¢ The Dutch, on the 21ft, advanceda great way 
* between the boards of : ice, and anchored during 
‘the night. Next morning they retired, and 
* moored toa bank which was 18 fathoms Eu pas 
‘and 10 above the water. They climbed to 
| 6 the top,. and remarked, as a fingular phaeno- 
*menon, that it was covered with earth, and 
“that they found there about 40 eggs. Its 
“colour was a fine azure blue, and totally diffe- 
“ rent from that of the other mafles. This cir- 
‘*cumftance gave rife to various fpeculations ; 
*fome imagining it to be an effect of the ice, 
‘and others thought the whole was a mafs of 
* frozen earth *,’ 
_ Wafer met with many floating pieces of ice, 
off Terra del Fuego, which were fo large that 
| he 
 * See Troifieme voyage des Hollandois par le Nord, tom, 1. 


3 46. 


” hd 
it” tt cie OS 


288 © ORY R A WHE IROS. 


he at firft imagined them'to be-iflands: Some 
of them, he remarks, appeared to be a league or” 
two in length, and the largeft of them feemed to. 
rife 400 or 500 feet above the furface of the 
water. | i UO 
“All thefe boards of | ice, as | have remarked in 
the 6th Article, are tranfported from’ the rivers: 
into the fea. Théfe in the fea 6f Nova Zemblaw 
and in the Straits of Waigat, come from thé, 
Oby, and, “perhaps, from the Jenifca, and, 
other great rivers ‘in Siberia and ‘Tartary ; 
thofe of the Hudfon’s Straits, ‘from Ale | 
fion-bay, into which many rivers in North A- 
merica empty themfelves; and thofe of Terra. 
del Fuego, from the’ fouthern continent. If 
fewer of them appear in the northern coafts of 
Lapland than in thofe of Siberia and Waigat’s’ 
Straits, it is becaufe all the Lapland rivers fall- 
into the gulf of Bothnia, and none of them in 
to the north fea. They may likewife be formed 
in {traits, where the tides rife higher than in the 
open fea; and, confequently, where the boards. 
of ice hic float on the furface may accumulate 
and produce mafles or banks of feveral fathoms: 
high. But, with regard to thofe which rife to! 
the height of four or five hundred feet, it ap= 
pears, that they can no where be produced but. 
near very elevated coafts ; and Ii imagine, that, 
when the fnows which cover thefe coafts melt, 
the water runs down upon the boards of ice, 
and, by freezing anew, gradually augments their 
fize, 
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fize, till they arrive at this amazing height ; 
that, in a warm fummer, the action of the winds, 
the agitation of the ine and perhaps their own 
‘weight, may detach them. from the coafts, and 
fet them adrift; and that they may even be 
tranfported into temperate himates before they 
_are entirely diflolved. 
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Of Seas and Lakes. 


HE dry land is every where furrounded 
A bythe ocean; It penetrates, fometimes by 
large openings, and fometimes by {mall ftraits, 
into the interior parts of different countries, and 
forms mediterranean feas, fome of which are 
affected by the motion of the tides, and others 
not. We fhall, in this article, trace the ocean 
‘through all its windings; and, at the fame time, 
give an enumeration of the mediterranean 
feas, which we fhall endeavour to diftinguifh 
from what are called bays or gulfs, and lakes. 
_. The fea that wafhes the weftern coafts of 
France, forms a gulf between Spain and Brite 
tany. This gulf is, by navigators, called the Bay 
D € | on 
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of Bifcay : It is very open, and advances far- 
theft into the land between Bayonne and St Se- 
_ baftian. It likewife advances confiderably at 
Rochelle and Rochefort. This bay’ begins at 
Cape Ortegal, and terminates at Breft, where a 
ftrait commences between the fouth point of 
| Brittanyand the Lizard Point. Thisftrait, which 
is at firft pretty wide, forms a {mall bay on the 
coaft of Normandy, the moft advanced point of 
which is at Auranche. It continues pretty large 
till it arrives at the channel of Calais, where it 
is very narrow; it then fuddenly enlarges, and 
terminates between the Texel and the: coaft of 
Norwich: At the Texel, it forms a {mall thallow 
_ mediterranean called Zuider/ee, and feveral large 
gaps or advances, the waters of which are not of 
_ a confiderable depth. 
_ After this, the ocean forms a large bay called 
the German Sea, which commences at the north- 
_moft point of Scotland, and runs along the eaft 
coaft of Britain the length of Norwich; and 
from thence to the Texel, along the coafts of 
Holland and Germany, of Tulane and Norway, 
as far as Bergen. ‘This bay may even be con- 
fidered as a mediterranean; for the Orkney 
iflands nearly fhut up its mouth, and feein, by 
their direction, to be a continuation of the moun- 
‘tains of Norway. It forms a lar ge ftrait, which 
commences at the fouth point of Norway, and 
continues pretty broad to the ifland of Zetland, 
where it fuddenly contraéts, and forms, between 
T2 the 
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the coafts of cie and the iflands of ie 


and Jutland, ‘four {mall ftraits; after which, 
widens to a fmall bay, the snot advanced aa 


7 
1 


of which is at Lubec; from thence, to the fouth . 


extremity of Sweden, it continues pretty broad ; 


then it enlarges more and more, and forms the 
Baltic, which is a mediterranean fea, extending, 
from fouth to north, near 300 leagues, if the 
gulf of Bothnia, PACA 1$ a continuation of it, 
be comprehended. In the Baltic. are two bays, 
that of Livonia, the moft advanced, point of 


which is near Mitta and Riga, and that of Fin- * 


land, which isa branch of the Baltic, extending 
between Livonia and: Finland to Peterfburgh, 

and communicating with Lake Ladoga, and even 
with Lake Onega, eh the White Sea by 


means of the river Onega. The, whole body 


_of water which forms the Baltic, the Gulfs of 


Bothnia, of Finland, and of) Livonia, ought to 


be regarded as an act à lake, fupported by a « 


great nc of rivers, as the Oder,:the Viftu- 
la, the Niemen, the: Droine in Germany. and 
Poland; by other rivers in Livonia and Finland, 
by others flill more confiderable which come 


from Lapland, as the ‘Tornea, the Calis, the Lu- — 


Ja, the Pithea, the Uma; and by feveral from 
oweden, ‘Thefe rivers, which, in general, are 


large, amount to more than 40, including thofe — 


which fall into them, and cannot fail to convey 


a quantity of water Dane to fupplythe Baltic, 


Belides, there are no tides in the Baltic, and its” 


Water 
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water has very little faltnefs: And, if the fitua- 
tion of the: land, and the number of lakes and 
-marfhes in Finland and Sweden, which are con- 
tiguous to the Baltic, be taken into confideration, 
we fhall be inclined to regard it not as a fea, but 
as a great lake formed by the waters which it 
receives from the adjacent countries, and which 
have forced for themfelves a paflage near Den= 
mark into the ocean, into which, according to 
the relation of voyagers, it {till continues to run. 
From the commencement of the bay which 
goes by the name of the German Sea, and which 
_ terminates beyond Bergen, the ocean follows 
. the coafts of Norway, Swedifh Lapland, North 
‘Lapland, and Mufcovite Lapland, at the eaftern 
| part of which it forms a large firait, and gives 
rife to the mediterranean called the White Sea, 
which may alfo be confidered as a great lake ; 
for it receives twelve or thirteen large rivers, 
which are more than fufficient to fupply it with 
water ; and its water contains but little falt, 
Betides, it very nearly; in feveral places, com- 
municates with the Baltic; and it has an evi- 
dent communication with the gulf of Finland ; 
for, in afcending the river Onega, we arriveiat 
a lake of the fame name, which is joined by two 
rivers to Lake Ladoga; and this laft communi- 
cates by a large branch with the gulf of Finland; 
and there are; in Swedifh Lapland, feveral places 
from which the waters run almoft indifferently 
either into the White Sea, or into the gulfs of | 
12 Bothnia 
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Bothnia and of Finland. This whole country 
is full of lakes and, miarfhes and, therefore, it | 
feems probable, that the Baltic and White Seas | 
were the receptacles of its waters, and that, in — 
time, they difcharged themfelves into the Ger- 
man and Frozen Seas. 
_ On leaving the White Sea, and coafting the . 
ifland of Candenos, and the north of Ruffia, the | 
ocean advances a {mall arm into the land at the 
mouth of the river Petzora} This arm, which 
3 about 40 leagues in length, by 8 or 10 in - 
breadth, may rather be regarded as a colle&ion | 
of water formed by the river, than as a gulf of | 
the fea; for it alfo contains very little falt. In 
this place the land runs out in a promontory > 
terminated by the finall iflands of Maurice and — 
_ of Orange; and between this promontory and … 
the neighbouring land to the fouth of Waigat’s © 
ftrait, there is a bay of about jo leagues long, 
which belongs to the ocean, and is not formed 
by rivers. This is fucceeded by Waigat’s ftrait, 
which lies nearly under the 7oth dise of 
north latitude; it is not above 8 or ro leagues 
in length, and it communicates with the fea 
which wafhes the nerth coafts of Siberias As 
this ftrait is blocked up with ice during the, 
greateft part of the year, it is very difficult to. 
penetrate into the fea beyond it. ‘his paflage 
has been tried in vain by many navigators ; and 
thofe who fucceeded have not given us exact 
charts of the fea, which they call the Pacific. 
Sea, 
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Sea. By the moft recent charts, and by the 
beft globes, it appears, that this fea may be only ~ 
a mediterranean, having no connection with the 
great fea of Tartary ; for it feems to be fhut up 
and bounded to the fouth. by the country of the 
Samoides, which is now well known, and which 
extends from the Straits of Waigat to the mouth 
_of the river Jenifca: To the eaft, it is bounded 
by Jelmorland; to the weft by Nova Zembla; 
and, though we know.not the extent of this 
fea to the north and north-eaft, as the land feems 
not to be interrupted, it is probable that the Pa- 
cific Sea is only a mediterranean; and that it is 
‘bounded by land, and has no communication on 
that fide with the ocean. What eftablifhes this 
fa@ is, that, in departing from the Straits of 
Waigat, the whole weft and north coafts of No- 
va Zembla, the length of Cape Defire, have been 
traverfed; that, from this Cape, the coafts of 
Nova Zembla have been traced to a imall bay 
about the 75th degree, where fome Dutchmen 
pañed a dreadful winter in 1596; and that, be- 
yond this gulf, the land of Jelmorland was 
difcovered in 1664, which is feparated from Nova 
Zembla only by a few leagues of land; fo that 
the only land unknown is a {mall {pot near this 
little bay juft now defcribed ; and this fpot ex- 
ceeds not, perhaps, 30 leagues in length. If, 
therefore, the Pacific Sea joins with the eaftern 
ocean, it muft be by means of this {mall bay, 
; Stich is the only way by which this mediter- 
ranean 
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ranean can have any communication with the 
eaftern ocean, And, even on the fuppofition - 
that fuch a communication exifted, as this bay | 
lies in the 75th degree of latitude, it would be. 
neceflary, to-gain this open fea, to keep five dea | 
grees farther north. It is ‘apparent, therefore, . 
that, in attempting a north ‘paflage to China, it 
is better to-fail-beyond Nova Zembla tothe 77th | 
or 78th degree, where the fea is more open and: 
clearer of ice, than to perfift in paffing the fro- 
zen {traits of Waigat, when it is even uncertain | 
whether the fea beyond them has any commu. 
nication with the eaftern océan, 

The coaft has been traced from Nova Zem- 
bla and Jelmorland tothe mouth of the Chotan- 
ga, which is about the 73d degree ; beyond | 
which an unknown coaft extends about 200 
leagues, We only know, from the Ruffians 
who travelled by land into thefe climates; that 
the country-is not interrupted; and, in their 
charts, the rivers are delineated, and they called _ 
the inhabitants Popuh Palati. This interval of | 
unknown coaft extends from the mouth of the 
Chotanga to that of Kauvoina, in the 66th de-_ 
gree of latitude. The bay of Linchidolin, in 
which the Ruffians fith whales, advances fare 
theft into the land at the mouth of the Len, © 
which is a confiderable river. This bay is very 
open, and pertains to the fea of Tartary. 

From the mouth of the Len, ‘the northern 
coaft of Tartary runs about 500 leagues eaft- 

ward 


& 
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ward to a peninfula inhabited by a people called 
Schelates. It is the moft northern point of Tar- 
tary, and lies under the 72d degree of latitude: 
In this extent of 500 leagues, the ocean forms 
neither-bays nor arms; only from the peninfula 
of the Schelates, to the mouth of Korvinea, 
there is a confiderable elbow or proje@ion. This 
point is the eaftern extremity of the north coaft 
of the Old Continent, and Cape north in Lap- 
land is the weftern extremity. Thus, we have 
of northern coaft from Cape North in Lapland, 
to the extremity of the country of the Schelates, 
an extent of 1 700 leagues, including the ai 
‘ofities of bays; and it meafures, about 1100 
Jeagues in a ftraightiline, | 
fe Tet us next Et a furvey of the eaftern coafts 
of the Antient Continent, We fhall begin atthe 
extreme point of the country of the Schelates, 
and defcend towards the equator. The ocean 
firft makes a turn between the country of the 
_ Schelates and that of the Tfchutfchi, which laft 
projects confiderably into the fea. To the fouth 
of this country, there is a fmall open bay, called 
the bay of Sudoikret, This bay is fuceeeded by 
another, which advances, like an arm, about 40 
‘or $0 patie into the land of OT D : 
After which the ocean flows in, by a narrow 
ftrait, full of {mall iflands, TETE the fouthern 
“point of Kamtfchatka ae the northern point 
of the land of Jeffo, and forms a large medi- 
-*erranean, which we fhall now defcribe in de- 
' tail, 
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tail. It confifts of the fea of Kamtfchatka, in 
which there is is a confiderable ifland, called 
the ifland of Amour. An arm of this fea 
runs north-eaft. But, both this arm and the 
fea of Kamtfchatka may, at leaft in part, be 
formed by the rivers which flow into it from 
the lands of Kamtfchatka, and thofe of Tartary. 
However this matter flands, the fea of Kamt- 
{chatka communicates, by a very long ftrait, 

with the fea of Corea, which is another part of 
this mediterranean; and the whole together, 
extending more than 600 leagues in length, is 
bounded, on the weft and north, by the lands of 
Corea and Tartary ; and, on the eaft and fouth, 
by thofe of Kamtfchatka, Jeffo, and Japan, 
without having any other communication with 
the ocean than by the ftrait between Kamt- 
{chatka and Jeflo; for it is. uncertain whe- 
ther the communication between Japan and 
the land of Jeflo, though laid down in fome 
charts, has a real exiftence ; and, even {uppofing 
it did exift, the fea of can ee and that of 
Corea would ftill be regarded_ as forming toge- 
ther a great mediterranean, feparated on all 

fides from the ocean, and not-as a bay; for it 
communicates not with the ocean by its fouth- 
ern {trait, but with the Chinefe Sea, which is 
rather a mediterranean than a bay. 

In the preceding article, it was remarked, that 
the fea had a conftant motion from eaft to weft; 
and that, confequently, the great Pacific Ocean 

is 
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fs making continual efforts againft the eaftern 
coafts, An accurate examination of the globe 
will confirm the conclufions we have drawn 
from this obfervation; for it- appears, that, 
from Kamtfchatka to New Britain, difcovered 
by Dampier in 1700, and which lies in the 4th 
or Sth degree of fouth latitude, the ocean has 
encroached on thefe coafts to the extent of 400 
leagues; and, of courfe, that the eaftern bounds 
of the Old Continent ftretch not fo far as they 
did formerly ; for, it is remarkable, that New 
Britain and Kamtfchatka,-which are the moft 
advanced lands to the eaft, lie under the fame 
‘meridian. Befides, all countries extend fartheft 
from north to fouth. Kamtfchatka makes a 
point of about 160 leagues from north to fouth, 
and this point, the eaftern coaft of which is 
wafhed by the Pacific Ocean, and the other by 
the mediterranean above defcribed, is divided 
from north to fouth by a chain of mountains. 
The lands of Japan and of Jeflo form another 
territory between the ocean and the fea of Co- 
rea, extending from north to fouth more than 
4.00 leagues ; ; and the direction of the chains of 
‘mountains in Jeflo and Japan muft be from 
north to fouth ; becaufe, in this direction, they 
extend 400 leagues; but, from weft to eañ, 
they exceed not 50 or 60, Thus, Kamtfchatka, 
Jeflo, and the eaftern part of Japan, ought to 
be confidered as contiguous lands, lying ina 
direction from north to fouth: And, following 
the 
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the fame dirédion, we : find, ‘after the point of 
Cape Ava in HG the ifland of Barnevelt, and 
three other iflands, fituated in a line from north 
to fouth, and ‘extending about 100 leagues, 

We next meet with three iflands, called Calla- 
nos, and, after thefe, the Ladrone iflands, to the 
number BE 14 ‘or 15, all ftretching in a line 
from north to fouth, the whole occupying a 
{pace of 300 leagues in length ; and the broad- 
eft part of thefe Ana, from eaft to welt, ex- 
ceeds not 8 leagués. From thefe fa@s, I am 
led’ to conclude, that Kamtfchatka, Jeffo, the 
eaft part of Japan the iflands of Barnevelt, the 
Callanos, and the Ladrones, are a continuation 
of the fame chain of mountains, and the remains. 
of an ancient country, which had been gradu= 
ally corroded and covered with the fea. AI 
thefe countries appear to be nothing but moun-. 
tains, of which the iflands are ‘the péaks or 
points, the low-lands being occupied by the 
ocean. Hence, what is related. in the Lettres 
' Edifiantes muft be true; and, in fa@, a number 
of iflands, called the New Philippines, has been! 
difcovered in the very fituationin which P. Gos 
bien fuppofed them to lie: And it cannot be” 
doubted, that the moft eafterly of thefe New Phi- 
lippines are a continution of the chain of moun- : 
tains which compofe the Ladrones; for thefe 
eaftern iflands, to the number of eleven, lie in 
a line from north to the fouth, extending in 
length | 
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length more than 200 leagues; and,in breadth, 


the largeft of them exceeds not eight leagues. 

. But thefe conjeures may feem too bold, on 
account of the great diftances between the iflands 
in the neighbourhood of Cape Ava, of Japan, 
and of the Callanos, between thefe iflands and 
the Ladrones, and between the Ladrones and the 
New. Philippines, the firft interval being about 
160 leagues, the fecond 50 or 60, and the third 


near 120, But it ought to be confidered, that 


chains of mountains often extend much farther 
below the waters of the ocean; and that thefe 
intervals are nothing, when compared to the ex- 
‘tent of land, from fouth to north, in thefe 
‘iflands or mountains, which, beginning at the 
4nterior part of Kamtfchatka, is more than 1100 
leagues. Bur, though: this idea concerning the 
quantity of land rast by the ocean on the 
eaftern parts of the Old Continent, and the con- 
‘tinuation of the mountains, fhould be rejected, 
füllit muft be acknowledged, that Kamtichatka, 
Jeflo, Japan, the iflands of Rois, Formofa, vad? 
Bafha, Babuyane, Lucca, Mindano, Gil lolo, &c. 
and, laftly, New Guinea, which extends to New 


Britain, and is fituated under the fame meridian 


as Kamtfchatka, form a ftretch of country of 
more than 2200 leagues, with {mall interrup- 
tions, the greateft of which exceeds not, per- 
haps, 20 leagues; fo that the ocean has fcooped 
‘out an immenfe bay from the interior parts of 
the éaftern continent, which begins at Kamt- 

: fchatka, 
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fchatka, and terminates at New Britain. This 
bay is interfperfed with numerous iflands, and 
has allthe appearances of being gained from 
the land. It is, therefore, probable, that the 
ocean, by its conftant motion from eaft to weft, 
has gradually gained this great tract of country 
from the continent, and has formed feveral me- 
diterraneans, as thofe of Kamtfchatka, of Corea, 
of China, and perhaps the whole Indian Archi- 
pelago; for the land and water are fo blen- 
ded together in this region, that it evidently ap- 
‘pears to have been a large country deftroyed by 
inundations, of which only the eminences and 
mountainous parts are now to be feen, the low- 
er grounds being entirely concealed under the 
waters of the ocean. This hypothefis is farther 
confirmed by the fhallownefs of the fea, and 
the figures of the innumerable iflands, which 
feem to be nothing but the tops of moun- 
tate, à | | 

= If we-take a more particular furvey of thefe 
feas, we fhall find, that the northern part of the 
Chinefe fea forms itfelf into a great bay, which 
begins at the ifland of Fungma, and terminates 
at the frontiers of the province of Pekin, about. 
50 leagues from this capital of the Chinefe em- 
pire. The moft advanced and narroweft part of 
this bay is called the gulf of Changi. It is pro- 
bable that this gulf, and part of the fea of Chi- 
na, are encroachments of the ocean, and that the’ 
iflands above defcribed are the moft elevated” 
parts 
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parts of the ancient country. Farther fouth are 
the bays of Tonquin and of Siam, in the neigh- 
bourhood of which is the peninfula of Malacca, 
confifting of along chain of mountains, that run 
from north to fouth ; and the Andaman iflands, 
which form another chain of mountains, in the 
fame dire@tion, feem to be only a continuation 
_ of thofe of Sumatra. 

The ocean afterwards forms the great bay of 
Bengal; where it may be remarked, that the 
land of the peninfula of Indus makes a concave 
curve, towards the eaft, nearly refembling the 
. great bay of the eaftern continent, which feems 
. to have been produced by the fame caufe, name- 
ly, the motion of the fea from eaft to weft. In 
this peninfula are the mountains of Gates, 
which extend from north to fouth; and the 
ifland of Ceylon appears to have been feparated 
_ from this part of the continent. 

The Maldiva iflands are only another chain of 
mountains ftretching from north to fouth. | 
Then follows the Arabian eulf, which fends off 
four branches or arms; the two largeft are on 
the weft coaft, and the two fmalleft on the 
eaft. The firft arm on the eaft coaft is the bay 
of Cambaia, which extends not above 50 or 60 
leagues; but it receives two confiderable rivers, 
the Tapta and the Baroche or Mehi. The fe: 
cond arm or bay on the fame coaft is remark- 
able for the rapidity and height of its tides, 
which alternately advance and retreat more than 

59 
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go leagues. Into this bay fall feveral rivers, as 
the Indus, the Padar, &c. which have brought 
down fand and mud in fuch quantities as to ele- 
vate the bottom of the bay, and reduce it nearly 
to a perfect level. It is owing to this cireum= 
ftance that the tides extend to fo great a diftance, 
The firft arm on the weft coaft is the Perfic 
gulf, which advances into the land above 250 
leagues; and the fecond is the Red Sea, which, 
reckoning from the ifland of Socotora, extends 
above 680 leagues. From the ftraits of Ormuz 
and of Babelmandel, thefe two arms fhould be 
confidered as mediterranean feas: They are 
both, indeed, fubjeéted to a flux and reflux; but 
this else n@dhiee 4 is occafioned by their vicinity 
to the equator, where the tides rife higher than. 
in other climates.  Befides, they are both very 
long and very narrow. The motion of the tides 
is more rapid in the Red Sea than in the Perfic 
gulf; becaufe the former is nearly three times 
as long, and equally narrow, as the latter; nei- 
ther does it receive any river capable of refift-. 
ing the tide: But the Perfic gulf receives three 
large rivers at its moft advanced extremity, It is” 
apparent, that the Red Sea has been formed by 
an irruption of the ocean; for the fituation and” 
fimilarity in the direétion of the coafts on’each 
fide of the ftraits of Babelmandel fhow, that this — 
paflage has been cut by the waters. 
At the extremity of the Red Sea lies that fa- 
mous ftrip of land called the Ifthmus of Suez, 
| which 
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which is a barrier to the jun@ion of the Red 
Sea with the Mediterranean. In the preceding 
article, I gave the reafons which render it pro- 
bable that ‘the Red Sea is higher than the Me- 
diterranean, and that, if the Ifthmus were cut, 
an inundation and increafe of the latter would 
be the confequence. It may here be added, 
that, though the fuperior elevation of the Red 
Sea fhould not be allowed, yet it is inconteftible, 
that there are no tides in the Mediterranean near 
the mouths of the Nile. It is equally certain, 
that the tides in the Red Sea rife feveral feet ; 
‘and this circumftance alone, on the (EH On 
tof the removal of the True would occafion 
a great influx of water from the Red Sea into 
the Mediterranean. Befdes, Varenius, in his 
DEPOT” IDE Whe Beenie Germanicus, 
* qui eft Atlantici pars, inter Frifiam et Hollan- 

‘ diam fe effundens, efficit finum, qui, etfi parvus 
* fit refpetu RP finuum maris, tamen et 
“ipfe dicitur mare, alluitque Hollsndiae empo- 
‘rium celeberrimum, Amftelodamum. Non 
p procul inde abeft ace Harlemenfis, qui etiam 
“mare Harlemenfe dicitur. Hujus altitudo non 
“eft minor altitudine finus illius Belgici, quem 

* diximus, et mittit ramum ad urbem Leidam, 
“ubi in varias foflas divaricatur. Quoniam ita- 
45 nec lacus hic, neque finus ille Hollandici 

* maris inundant adjacentes agros, (de naturali 

* conftitutione loquor, non ubi tempeftatibus 
DO, 3: U ‘ urgentur, 


* Page 100. 
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‘urgentur, propter quas aggeres facti funt); pa- 
© tet inde, quod non fint altiores quam agri Hol- 
‘landiae. At’ vero Oceanum Germanicum effe 4 
altiorem quam terras hafce, experti funt Lei- 
denfes, cum fufcepiffent foflam feu alveum ex 
urbe fua ad Oceani Germanici littora, prope 
Cattorum vicum perducere, (diftantia eft duo=" 
rum milliarium) ut, recepto per alveum hunc 
mari, poflent navigationem inftituere in Ocea= 
num Germanicum, et hinc in varias terrae re= 
giones. Verumenimyero, cum magnam jam 
alvei portam perfeciffent, defiftere coaëti funt,w 
quoniam tum demum per obfervationem cog= 
nitum eft, Oceani Germanici aquam effe altion 
rem quam agrum inter Leidam et littus Oce- 

ani iftius: Unde locus ille, ubi fodere defie=" 
runt, dicitur Het malle Gat. Oceanus itaque _ 
Germanicus eft aliquantum altior quam finus | 
ille Hollandicus,’ &c. As the German ocean, 

therefore, is nighee than the fea of Holland, no- 
_ thing prevents us from believing that the Red Sea | 
may | be higher than the Mediterranean. Hero- 
dotus and Diodorus Siculus mention a canal of 
communication between the Nile, the Mediter 
ranean, and the Red Sea: And M. de I'Ifle, in’ 
1704, publifhed a map, where he has laid down” 
the termination of a canal in the eaft branch of 
the Nile, which he imagined to be a part of 
the canal which formerly joined that river to” 
the Red Sea *.. We meet with the fame opinion 


in 


La 


NT : 


> See Mem. de l’Acad. des Sciences, année 1704. 
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in a book entitled Connoiffance de l'Ancien Monde; 
where the author, copying Diodorus Sicu- 
lus, informs us, that this canal was begun by 
Neco King of Egypt; that Darius King of Per- 
fia continued the work; that it was finifhed by 
Ptolomy Il. who conducted it to the city of 
Arfinoa; and that it could be fhut and opened 
at ns I pretend not to deny thefe fads ; 
. but, I confefs, they appear to be doubtful. [ 
{ufpect, that the violence and height of the tides 
in the Red Sea, would neceflarily communicate 
their influence to the waters of the canal: At 
leaft, it would require great precaution to pre- 
. vent inundations, and to keep the canal in pro- 
per repair. Though we are told by hiftorians 
that this canal was begun and finifhed, they are 
filent as to its duration; and the remains of it, 
which are pretended fill to exift, are perhaps 
the only parts of it that ever were executed. 
This branch of the ocean has been denomina- 
ted the Red Sea, becaufe, wherever there are 
‘madrepores or corals at the bottom, the water 
of it has the appearance of being red. The fol- 
lowing defcription of it is given in the Æiffoire 
Generale des Voyages *: ‘ Before leaving the Red 
* Sea, D. Jean inquired into the caufes which 
B duced the ancients to give it this appellation: 
* He recolleGted, that Pliny had delivered feve- 
* ral opinions concerning the origin of this 
‘name. Some derived it from a Kank of that 
Wine country 
# Tom. 1. p. 198. 
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“country called Erythros, which, in the Greek 
language, fignifies Red: Others imagined that 
* the red colour was occafioned by the reflection 


€ 


a 


a 


a 


a 


+ & 


of the fun from the furface of the water; and 
others affirmed that the water itfelf was 
red. The Portuguefe, who had made feve- 
ral voyages in that fea, alledged, that the 
whole coaft of Arabia was remarkably red ; 
and that the duft and fand carried into the fea 
by the winds, tinged the water with the fame 
colour. 

* Dom Jean, who examined the nature af the 
water and of the coafts, through their whole 


extent, with the moft fcrupulous attention, af 


fures us, that the waters of this fea have no 
peculiarity in their colour; and that the duft 
and fand, not being red themfelves, could not 


pofhbly communicate this colour to the water. 
The land on each fide, he obferves, is gene- | 


rally brown; in fome places, it is black, and, 
in others, whites At Suaquem, the coafts of 
which the Portuguefe never vifited, there are 
three mountains ftriped with red ; but they 
confift of hard rocks, and the neighbouring 
ground is of the ufual colour. 

‘ The truth is, that this fea is all of the tt 
uniform colour, of which any man may fatis- 


{ 


fy himfelf by drawing water from different « 


parts. But, it muft be acknowledged, that, in 
fome places, it appears, by accident, to be red, 
and, in others, green and white. This phae- 


‘ nomenon — 


- 
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* nomenon admits of the following explication. 
* From Suaquem to Koffir, which is an extent of 
* 136 leagues, the fea is filled with banks and 
“rocks of coral; they are fo called from their 
: refembling coral in form and colour fo exact- 
* ly, that it is difficult to perceive the diftinction; 
* There are two kinds of them, the one is white, 
"and the other extremely red. In many places, 
they are covered with a kind of gum, or vifcid 
‘ fubftance, of a green colour, and fometimes of 
‘a deep orange. Now, the water of this fea is 
* fo tranfparent, that the bottom is vifible at the 
“depth of twenty fathoms, efpecially from 
.“ Suaquem to the extremity of the gulf; and 
* hence the water aflumes, in appearance, the co- 
‘lour of the bodies which it covers. When, 
“for example, the rocks are overlaid with a 
‘green gum, the water above them appears to 
‘ be green; when the bottom is fand alone, the 
* fuperincumbent water feems to be white; and, 
“when the rocks are covered with coral, the : 
* water above them appears to be reddifh. But, 
‘as the rocks of this colour are more frequent 
“than the green or white, Dom Jean concludes, 
“that the Arabic Gulf has, from this circum- 
.“ flance, obtained the name of the Red Sea, 
* He was the more fatisfied with this difcovery, 
* becaufe the method he employéd in the inve- 
“ftigation of it left no room for hefitation or 
»* doubt. In fuch places as were not deep e- 
* nough to allow his veflel to fail, he faftened 
ù U 3 * pinks 
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MIS oppofite to the rocks; and the failoree 
* were enabled to execute his orders, at more 
‘ than half a league from the rocks, without be- 
“ing immerfed above the middle of their bodies. 
‘ In thofe places where the water appeared red, 
* the gieateft part of the ftones and pebbles they 
‘brought up were of the fame colour; where - 
“the. water appeared green, the ftones were 
‘green alfo; and where the water appeared 
‘ white, the bottom was a pure white fand.’ 

From the entrance to the Red Sea, at Cape 
Gardafu, to the Cape of Good Hope, the direc= 
tion of the coaft is pretty equal, and the fea 
forms no bays of any note. There is, indeed, a# 
{mall feoop on the coaft of Melindas which, if 
the Ifland of Madagafcar were united to the 
continent, might bes confidered as a part of a 
_ large bay. This ifland, it is true, though LA 

‘rated by the ftraits of Mozambique, appears tam 

have formerly belonged to the continent ; for, 
in this flrait, there are high fands of great ex- 
tent, efpecially on the Madagafcar coaft, WHICIS 
render the open part of it very narrow. | 

From the Cape of Good Hope to Capel 
_ Negro, on the weft coaft of Africa, the land lies” 
in the fame diretion ; and the whole of it 
feems to be a chain of mountains: It is, at leaft, 

a very elevated country, and, though more than 
soo leagues in length, it is furmfhed with 
no tivers of any confidevation, except one or 
two; which are known no farther than their 
| mouths, 


14 
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 mouths. But the coaft, above Cape Negro, 
makes a large curve; and the land, along this 
curve, appears to be lower than that of the reft 
of Africa: It is watered. by feveral great rivers, 
the largeft of which are the Coanza and the 
Zaire. From Cape Negro to Cape Gonfalvez, 
are the mouths of 24 confiderable rivers; and 
the fpace between thefe two capes, reckoning 
along the fhore, is about 420 leagues. We 
would be tempted to think, that the ocean has 
~ encroached on thefe low lands of Africa, not by 
“its natural motion from eaft to weft, which could 
- have no influence in producing this effect, but 
* by the facility with which it might have under- 
_ mined and furmounted them. From Cape Gon- 
… falvez to Cape Trois- pointes, the ocean forms 
an open bay, which prefents nothing remark- 
able, except a very advanced point nearly in 
the middle of it, called Cape Formo/a: It like- 
wife contains, in the fouthern part of it, the 
iflands of Fernandpo, St Thomas, and He 
 Ifland. Thefe iflands appear to be a continua- 
tion of a chain of mountains fituated between 
. Rie del Rey, and the river Jamoer. From Cape 
 Trois-pointes to Cape Palmas, the ocean runs 
a little in. upon the land ; and from Cape 
. Palmasto Cape Tagrin, fasts is nothing worthy 
of remark. But, beyond Cape Tagrin, there 
| js a {mall bay in the country of Sierra-Leona; 
and alittle farther, there is another, in which 
are fituated the iflands of Bifagas. We after- 
' 9 ) | wards _ 
| 
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wards meet with Cape Verd, which projects far 
into the fea, and of which the iflands of the fame | 
name appear to be a continuation ; or, rather, 
they. feem to be a continuation of Cape Blane, 
which is a more elevated country, and ftretches 
fill farther into the ocean. We next come to. 
a mountainous and dry coaft, which commences : 
at Cape Blanc, and terminates at Cape Bajador: 
The Canary iflands feem to be a continuation of 
thefe mountains. Laftly, between Africa and 
Portugal, is a large open bay, in the middle of 
which are the celebrated Straits of Gibraltar, 
‘The ocean pours its waters, with great rapidity, — 
through this ftrait into the Mediterranean. This 
fea runs into the interior parts of the land near 
goo leagues, and gives rife to many objects 
worthy of remark. 1/, It has no percepti- 
ble tides, except in the Gulf of Venice; and. 
a {mall flux and reflux have been alledged to 
take place at Marfeilles and on the coaft of Tri- — 
poli. 2d, It contains many large iflands, as 
Sicily, Sardinia, Corfica, Cyprus, Majorca, &c. — 
and Italy, which is one of the moft extenlive 
peninfula’s in the world: It is likewife adorned — 
with a rich Archipelago, or tather, it is from the 
Mediterranean Archipelago that all other collec- 
tions of iflands have acquired that appellation, 
But this Archipelago appears to belong more — 
properly to the Black Sea than to the Mediter= 
ranean; and it is probable, that the country of 
Greece was partly covered with the Black Sea, _ 
which | 
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which runs into the fea of Marmora, and from 
that into the Mediterranean, 

It has been alledged, that a double current 
runs through the Straits of Gibraltar ; one fupe- 
rior, which carries the waters from the ocean in- 
to the Mediterranean, and another inferior, 
which carries the waters from the Mediterrane- 
an back to the ocean. But this notion is falfe, 
and contrary to the known laws of hydroftatics. 
Oppolite currents have been afcribed to fe- 
veral other ftraits, as the Boiphorus, the ftraits 
of Sunda, &c.; and Marfilli has related ma- 
my experiments tending to prove the exiftence 
of a fuperior and inferior current in the Bof- 
phorus. Thefe experiments, however, mutt 
have been fallacious; for fuch a phaenomenon 
is repugnant to the nature and motion of fluids. 
Befides, Greaves, in his Pyranidographie, has de- 
Pete, by accurate experiments, that there 
are no LEA currents in the Bofphorus. Mar- 
#illi and others may have been deceived by the 
égorging of the water near the fhores, which 
takes place in the Bofphouus, in the ftraits of 
Gibraltar, and in all rapid rivers, and which oft- 
en produces a motion Sane to that'of the 
principal current. > 

Let us now briefly run over the coafts of the 
New Continent. We fhall begin with Cape 
Hold-with-hope, which is fituated in the 73d 
degree of North Latitude. This is the moft 
northerly point of land in New Greenland, and 


15 
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is diftant from Cape North in Lapland about’ 
160 or 180 leagues. From this cape the coaft 


= of Greenland might be traced to the polar circle, 


where the ocean forms a large ftrait between 
Iceland and Greenland. Some maintain, that 
this country in the neighbourhood of Iceland is 
not the Antient Greenland, formerly pofieffed 
by the Danes as a dependent province. _ Its 
inhabitants were civilized Chriftians, who had 
bifhops, churches, and a number of towns pro= 
portioned “to their trade, The Danes had a ÿ 
communication with them as eafy, and as fre 
quent, as the Spaniards with the Canary iflands: 
There fill exifts, it is faid, laws and regula=# 
tions with regard to the government of this” 
province, and thefe not of a very ancient date. 
However, without forming any conjectures how 
this country came to be abfolutely loft, we, find 
not in New Greenland the leaft veftige of what 
is here related. ‘They are mere favages: They 
have no buildings: There is not a word in their 
language that has the fmalleft affinity to the 
Danifh tongue; and there is not a fingle cir-_ 
cumftance from which we can infer it to be the 
fame country. It is even almoft a defert, and 
is covered with fnow and ice the greateft part 
of the year. But, as thefe lands are of vaft ex-" 
tent, and, as the coafts have been little frequent= 
ed by modern navigators, they may have mif-_ 
fed-the place occupied by the defcendants of 
thefe polifhed people; or the increafe of the ice 
fie +0 
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‘in this fea may now, perhaps, prevent all accefs 
to them. If, however, maps can be trufted, the 
whole coaft of this country is known: It forms 
a large peninfula, at the extremity of which are 
the two ftraits of Frobifher and of Friefland, 
where the cold is exceflive, although they are 
‘not farther north than the Orkneys, that is, a- 
bout 60 degrees. | 
Between the weft coaft of Greenland, and 
that of Labrador, the ocean forms a gulf, and 
then a large mediterranean, which is the coldeft 
of all feas, and its coafts are little known. In 
" purfuing this gulf, we meet with Davis's ftrait, 
“which leads to the Chriftian fea, which laft ter- 
‘minates in Baffin’s bay, through which there ap- 
pears to be an outlet into Hudfon’s bay. The 
{trait of Cumberland, which, like that of Davis, 
may lead into the Chriftian fea, is more narrow, 
and more fubject to be frozen. Hudfon’s ftrait, 
though much farther fouth, is alfo frozen for 
fome part of the year: And it is remarkable, 
that the tides are very high in thofe feas and 
ftraits, although no tides take place in the inland 
feas of Europe, as the Baltic and Mediterranean. 
This difference feems to be occafioned by the 
‘motion of the fea from eaft to weft, which pro- 
duces high tides in ftraits oppofite to the current 
of the waters, or whofe mouths open to the eaft. 
But, in thofe of Europe, which open to the 
weft, there are no tides. The ocean, by its ge- 
neral movement, rufhes into the former, but 
cc : flies 
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flies from the latter ; and this is the reafon why _ 
the tides are fo violent in the feas oe China, 
Corea, and Kamtfchatka. 

In failing down Hudfon’s bay towards La- 
brador, there is a narrow opening, 30 leagues of 
which Davis traverfed in 1586, and traded 
with the inhabitants. But no attempts have 
hitherto been made to difcover the whole … 
of this arm'of the fea. We know nothing of 
the neighbouring country, but the land of the | 
Efgquimaux. Fort Pon-chartrin is the only fet- ! 
tlement, and the moft northerly part of this 
country; and it is feparated from the ifland of | 
Newfoundland by the {mall ftrait of Belleifle, 
which is little frequented. As the eaftern coaft 
of Newfoundland has the fame direétion with | 
that of Labrador, this ifland ‘appears to have 
_ been formerly a part of the continent, in the — 
fame manner as I{le-Royal feems to Hive been 
detached from Acadia: The bottoms of the : 
great bank, and of the leffer banks on which the 
cod-fifhery is carried on, are not deep; but, as. 
they fhelve a great way under water, they pro 
duce violent currents. Between Cape Breton 
and Newfoundland, there is’a pretty large ftrait, 
which is the mouth of a {mall mediterranean, 
called the Gulf of St Laurence. It fends of a 
branch, which extends a confiderable way into 
the country, and appears to be only the mouth 
of the river of that name. In this arm of the | 
dea the tides are very perceptible ; and, even at 


Quebec, | 
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Quebec, which is farther up the country, the 
_waters rife feveral feet. Leaving the gulf of St 
Laurence, and following the coaft of Acadia, we 
meet with a {mall gulf called Boffon-Bay, which 
is of a fquare figure, and advances a little way 
only into the land. But, before we purfue this 
coaft any farther, it is worthy of remark, that, 
_ from Newfoundland to Guiana, the ocean forms 
an immenfe bay, that runs in upon the land as 
far as Florida, which is more than soo leagues. 
This bay is fimilar to that of the Old Con- 

tinent above defcribed, where the ocean, af- 
- ter forming a large gulf between Kamtfchatka 
_and New Britain, gives rife to a great mediter- 
. ranean, which comprehends the fea of Kampt- 
- fchatka, of Corea, of China, &c. In the fame 
-manner, in the New Continent, the ocean, after 
forming a large gulf between Newfoundland 
_ and Guiana, gives rife toa great mediterranean, 


extending from the Antilles to Mexico; which | 


- confirms what we have advanced concerning the 
motion of the fea from eaft to weft: For it ap- 
* pears that the ocean has gained as much territo- 
ry on the eaft coaft of America‘as on the eaft 
coalt of Afia. Befides, thefe great gulfs in each 
continent lie under the fame degrees of latitude, 
and are nearly of equal extent. Such fingular 
- relations, it would appear, muft have been pro- 
» duced by the fame caufe. 

If we examine the pofition of the Antilles, 
_ beginning with the ifland of Trinidad, which is 
4 the 
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the fouthmoft, it ts impoffible to doubt but that 
Trinidad, Tobago, the Granades, St Vincent, 
Martinico, Marygalante, Antego, Barbadoes, 
and all the adjacent ifles, once formed a chain. 
of mountains, which extended from fouth to 
north, like Newfoundland and the country of 
the Efquimaux. Farther, the direétion of the 
Antilles from eaft to weft, if we begin with Bar- — 
badoes, and pafs on to St Bartholomy, Porto- 
Rico, St Domingo, and Cuba, is nearly the fame 
with the coafts-of Cape Breton, Acadia, and 
New England. All thefe iflands lie fo conti- 
guous, that they may be regarded as a continu- 
ed belt of land, and as the moft elevated parts — 
of a country now occupied by the fea. Moft of . 
them are nothing but the tops of mountains; 
and the fea between them and the continent is 
a true mediterranean, in which the tides are not 
much more perceptible than in our Mediterra- 
nean, although the ftraits between the iflands 
are dire&ly oppofed to the motion of the fea 
from eaft to weft, which fhould contribute to . 
raife the tides in the gulf of Mexico. But, as 
. this gulf is very broad, the waters elevated by. 
the tide when expanded over a large furface, 
hardly produce any fenfible change upon the 
coaft of Louifiana and feveral other places. __ 

Both the Old and New Continents, therefore, 
appear to have been encroached upon by the 
ocean in the fame latitudes: Both are furnifhed 
with a great mediterranean, and a vaft number 


of | 
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: Mek iflands, which likewife lie nearly i the fame 


latitudes. The only difference is, that the Old 


Continent, being much larger than the New, has 


a mediterranean on its weft coaft, to which the 
New Continent has nothing analogous. But 
both feem to have undergone fimilar revolu- 


tions. Thefe revolutions are greateft near their 


\ middle parts, or between the tropics, where 


the motion of the fea is moft violent. i 
' The coafts of Guiana, from the mouth of the 


» river Oronoko to that of the Amazons, exhi- 


bit nothing remarkable. But the Amazons, 


> which is the largeft river in the univerfe, forms 
a conficerable fheet of water near Coropa, be- 


fore it difcharges itfelf into the fea by the two 


“ mouths which furround the ifland of Caviana. 


From the mouth of the Amazons to Cape S 
Roche, the river runs almoft ftraight eaft ; from 


.- Cape St Roche to Cape St Auguftine it runs 


fouth, and from Cape St Auguftine to. the bay 
of All Saints, it runs weftward in fuch a manner 


that this part of Brafil projets confiderably into 


the ocean, which is dire&ly oppofite to a fimilar 


_ projection of the African coaft. The bay of 


All Saints is a {mall arm of the fea, which ad- 
vances about 50 leagues into the land, and is 


_ much frequented by navigators. From this bay 


to Cape St Thomas, the coaft runs ftraight fouth, 
and from thence, in a fouth-weft direion, to 


“ the mouth of the Plata, where an arm of the 


fea projets about 100 leagues into the land. 
From 
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From this river, to the fouthern extremity: of 


America, the ocean forms a large bay, which is. 


terminated by Falkland Ifland, Cape Affumption, 


and other lands bordering on Terra del Fuego. — 


At the bottom of this bay is the ftrait of Magel- 


Jan, the longeft in the univerfe, and where the 


tides rife very high. Beyond this is the ftrait 
of La Maire, which is much fhorter; and, /uftly, 


| Cape Horn, which 1 is the fouth point of Ame- | 


rica, 

On the fubjeét of points or head-lands, it is 
* remarkable, that they all regard the fouth, and 
that moft of them are cut by ftraits which run 


from eaft to well. The point of South America | 
regards the Artic Pole, and it is cut by the ftrait _ 


of Magellan: That of Greenland, which like= 


pile has a fouthern afpeét, is cut from eaft 
to weit by the ftrait of Frobifher: That of Afri- 


ca regards alfo the fouth, and, beyond the Cape 


of Good Hope, are banks and fhoals which ap- — 


pear to have been feparated from it: That of 
the peninfula of India is cut by the ftrait be- 
tween it and the ifland of Ceylon; and, like all 
others, projets fouthward. Thefe are facts ; 


but we are unable to give any explication of 


them, 

From Terra del Fuego, all along the weft coaft 
of South America, the ocean makes confiderable 
advances into the land; and this coaft feems to 
_ follow exactly the direétion of the high moun- 

tains which traverfe this part of the continent 


from 
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from fouth to north, from the Fquator to the 
_ Ardic Pole, . Near the Line, the ocean forms a 
_ large bay, extending from Cape St Francois to 
Panama, that famous ifthmus, which, Jike that 
of Suez, prevents the junction of the two feas. 
If thefe two necks of land were removed, both 
. the Old and the New Continent would be di- 
vided into two diftin portions. From Panama 
to California, there occurs nothing worthy of 
remark. Between the peninfula of California 
and New Mexico, is a long arm of the ocean, 
~ called the Vermilion Sea, which is more than 200 
_ leagues long. In fine, the weft coaft of Cali- 
fornia has been traced to the 43d degree of la- 
titude. It was in this latitude that Drake, who 
firft difcovered the land to the north of Califor- 
nia, and which he called New Albion, was o- 
bliged, by the rigour of the cold, to change his 
courfe, and to Scher in a {mall bay which 
bears his name; fo that the countries’ beyond 
the 43d or 44th degree, in this part of the globe, 
are as little known as thofe of North America 
beyond the 48th degree, which is inhabited by 
_ the Moozemleki, and the g1ft, which is inha- 
« bited by the Affiniboils. The territory of the for- 
_ merfavages extends much farther weit than that 
_ of the fewer: All beyond, for 1000 leagues in 
length, and as much in breadth, is totally un- 
: known, unlefs the Ruflians, as they pretend, 
_ have made fome difcoveries by departing from 
Vou. I. X. Kamtfchatka, . 
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Kamtfchatka, and vifiting the eaftern coafts of 
North America. 

The ocean, then, fondé the whole: L 0H 
without interruption, and we may fail round it 
by taking our departure from the fouth point 
of America. But-we are ftill uncertain whether 
the ocean furrounds, in the fame manner, the 
north part of the globe; and all the navigators, 
who have attempted to go from Europe to Chi- 
na by the north-eaft or north-weft, have equal- 
ly failed in their enterprifes. 

Lakes differ from mediterraneans; the former 
derive no water from the ocean; on the con- 
trary, when they communicate with feas, they 
are conftantly difcharging water into them. 
Thus the Black Sea, which fome geographers 
have regarded as a branch of the Mediterranean, 
and, of courfe, as an appendage of the ocean, is 
only a lake; becaufe, in place of receiving any 
fupplies from the Mediterranean, its waters run 
with rapidity through the Bofphorus, into the 
lake called the Sea of Marmora, and from 
_thence’through the ftraits of the Dardanelles in- 
to the Grecian Sea. The Black Sea 1s about 250 | 
leagues long, and 150 broad: It receives a num- 
ber of large rivers, as the Danube, the Nieper, | 
the Don, the Boh, the Donjec, &c. The Don, 
which unites with the Donjec, before it arrives 
at the Black Sea, forms a lake called the Palus 
Meotis, which is more than 100 leagues in 
length, and from 20 to 35 in breadth. The Sea 
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of Marmora, which is below the Black Sea, is a 
+ lake fmaller than the Palus Meotis, being: not 
above 50 leagues long, and 8 or 9 broad. 

It is related by fome of the ancients, and par- 
ticularly by Diodorus Siculus, that the Euxine, 
or Black Sea, was originally a great river or 
lake, and had no communication with the Greek 
Sea; but that its waters were, in the courfe of 
time, fo greatly augmented by the rivers which | 

fall into it, that they forced a paflage, firft by 
. the iflands of Cyanea, and then by the Helle- 
fpont. This opinion has great probability on 

| its fide; and, I think, it is no difficult matter to 
explain how the operation was effeéted: For, 
fuppoñng the bottom of the Black Sea to have 
been formerly much lower than it is now, the 
mud and fand carried down by the rivers would 
gradually raife it, till the furface of the water 
was elevated above that of the land, and then 
the water would neceflarily find a paflage for 

. itfelf: And, as the rivers continue ftill to tranf- 
port fand and earth, and as, at the fame time, 

. the quantity of water in the rivers diminifhes in 
proportion as the mountains from which they 
{pring are lowered, it may happen, in the courfe 
of ages, that the Bofphorus will again be filled © 
up. But, as effes of this nature depend on 
many caufes, we muft content ourfelves with 

- fimple conjectures, Mr Tournefort, on the au- 
thority of the ancients, fays, that the Black Sea, 

_ which receives the waters of a great part of fa 
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rope and Afia, after being confiderably augment- 
ed, opened to itfelf a paflage by the Bofphorus, ! 
and either formed. the Mediterranean, or ins 
creafed its waters to fuch a degree, that they — 
forced a paflage to the ocean through the {traits 
of Gibraltar; arid that the ifland of Atalantis, 
“mentioned by Plato, was, on this occafion, total- — 
ly overflowed. This notion cannot be fupport- ' 
ed; for the ocean runs into the Mediterranean, © 
and not the Mediterranean into the ocean. Be- | 
fides, M. Tournefort has not combined two ef- 
-fential fads, though he has mentioned both of 
them. The firft is, that the Black Sea receives | 
9 or 10 rivers, each of which furnifhes more — 
water than is difcharged by the Bofphorus; and. 
the fecond, that the Mediterranean does not re- 
ceive more water from rivers than the Black, 
Sea, though it be feven or eight times larger; 
and what it receives from the Bofphorus is not 
the tenth part of what falls into the Black Sea.. 
How, therefore, could this tenth part of the ; 
water that falls into a fmall fea, produce not on- 
ly a larger fea, but augment its waters to fuch a 
degree as would enable it to break down the, 
‘fthmus of Gibraltar, and overwhelm an ifland 
of greater extent than the whole of Europe? 
It is eafy to perceive that M. Tournefort has! 
not fufficiently confidered this matter. The 
Mediterranean derives from the ocean at leaft 
ten times the quantity of water it receives from, 
the Black Sea; for the narroweft part of the 
aon ek he Bofphoruss 
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Bofphorus exceeds not 800 paces, while that of 
the {traits of Gibraltar is more than 5000; and, 
fuppofing the velocities of both to be equal, fill 
the water in the ftraits of Gibraltar is by much 
the deepeit. 
M. Tournefort, who ridicules Polybius for. 
predicting that the Bofphorus will in time be 
filled up, has not attended fufficiently to circum- 
ftances, otherwife he would not have pronoun- 
ced the impoffibility of fuch an event. Muft 
not the Black Sea, which conftantly receives the 
fand and mud of eight or ten large: rivers, gra 
dually fill up? Muft not the winds and the na= - 
‘tural current of the waters continually tranfport 
_ part of thefe matters into the Bofphorus? It is, 
_ therefore, extremely probable, that, in the courfe 
of ages, the Bofphorus will be choaked up, when 
the quantity of water difcharged by the rivers 
into the Black fea fhall be greatly diminifhed, 
Now, the rivers are diminifhing daily, becaufe 
the mountains, which collect the dews, and give 
rife to the rivers; are continually decreafing, 
The Black Sea receives more water from ri- 
vers than the Mediterranean ; and M, Tourne: 
fort obferves, on this fubje&, * That the great- 
_ * eft rivers in Europe fall into this fea by means 
‘ of the Danube, into which are difcharged the 
“rivers of Suabia, Francotiia, Bavaria, Auftria, 
* prie Moravia, Canet, Croatia, Both- 
* nia, Servia, Tranfylvania, and a en The 
* rivers of Black Ruffiaand of Podolia fall like- 
X 3 ee wile 
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‘ wife into the fame fea by means of the Niefter ; 
‘ thofe of the fouthern and eaftern parts of Po- 


‘land, of the northern part of Mufcovy, and of : 
‘ the country of the Coffacks, fall into it, either 


‘by the Nieper or Borifthenes; the ‘Tanais and 


‘the Copa empty themfelves into the Black Sea : 


“by the Cimmerian Bofphorus ; the rivers of 


* Mingrelia, the principal of which is the Phafis, 


g 


‘ alfo difcharge their contents into this fea, and © 


© likewife the Cafalmac, the Sangaris, and other 
‘rivers of Afia Minor which take a northern 
‘courfe: But the difcharge through the Thra- 


‘ cian Bofphorus, which is the only outlet from 


‘the Black Sea, is not comparable to that of 
€, | : 4 x ? 
any one of thefe great rivers *. | 
All thefe fats demonftrate the great quantity 
of water carried off by evaporation; and it 18 
owing to this circumftance that the ocean con- 
{tantly runs into the Mediterranean by the ftraits 
of Gibraltar. It is difficult to afcertain the quan- 


tity of water received by any fea ; it requires an 


exa& knowledge of the breadth, depth, and ve- 


locity of all the rivers that fall into it, of their ! 
augmentation and diminution in different fea- — 


fons of the year, and of the quantity which the 
fea lofes by evaporation. ‘This laft is the moft 


difficult to determine; for fuppofing evapora- _ 


tion to be proportioned to the furfaces, it will 


be greater in a warm than in a cold climate. — 


Befides, water mixed with falt and bitumen eva: — 


| porates. 
* See voyage du Levant de Tournefort, vol, 2. p. 123. 
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porates more flowly than frefh water ; a fea fub- 
ject to great agitations evaporates more quickly 
than a calm fea; and a difference in the depth 
has alfo fome effect. In fine, fo many particu- 
lars are included in the theory of evaporation, 
that it is not pofhble to make an exact eftima- 
tion of its quantity. 

The water of the Black Sea is lefs clear and 
lefs falt than that of the ocean. There are no 
iflands init; and its tempefts are more violent 
and more dangerous than thofe of the ocean ; 
becaufe its waters, being extended in a ‘bafitt 
which has but an inconfiderable outlet, move, 
when agitated, in a kindof whirlpools, which 
beat upon all fides of a veflel with an infup- 
portable violence *. 

After the Black Sea, the greateft lake in the 
world is the Cafpian Sea, which extends from 
 fouth to north about 300 leagues, and its mean 
breadth exceeds not 50. This lake receives the 
Wolga, befides feveral other confiderable rivers, 
‘as the Kur, the Faie, and the Gempo. But, 
what is fingular,. it receives not one river from 
the eaft coaft; the country on that fide is a fan- 
dy defert, which remained, till lately, altogether 
unknown. ‘The Czar Peter I. fent engineers to 
make a chart of the Cafpian Sea. It had been 
reprefented as round by former geographers ; 
but it is very long and very narrow. Its eaft- 
ern coaft, and the neighbouring country, were 
| : entirely 

* See voyages de Chardin, p. 142. 
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entirely unknown; even Lake Aral, which is 
about 100 leagues eaft of the Cafpian, was ei- 
ther not known to exift, or was confidered as a 
part of this fea. Thus, before the difcoveries © 
of the Czar, there was in this region an un- 
known country of 300 leagues in length, and 
100 or 150 in breadth, Lake Aral is nearly _ 
oblong, and about go or 100 leagues long, and 
so or 60 broad. It receives the Sideroias and © 
the Oxus, two large rivers ; but, like the Caf- 
pian, it has no outlet for difcharging its waters; 
and, as the Cafpian receives no rivers from the 
-eaft, Lake Aral, on the contrary, receives none 
from the welt. Hence, it is prefumable, that 
thefe two formerly conftituted but one lake’; 
and the rivers being gradually choaked up, the 
country between them would neceflarily be co- 
vered with fand. There are fome {mall iflands in 
the Cafpian; and its waters are much frefher than | 
thofe of the ocean, Storms, in this fea, are ex- 
ceedingly dangerous; and it affords not: navi- 
gation to large veflels, on account of fhoals, 
fand-banks, and rocks concealed under the fur- 
face. ‘The largeft veffels employed on the 
: Cafpian,’ fays Pietro della Valle *, ‘ along the 
 coafts of the province of Mazanda in Perfia, 
€ where ftands the town of Ferhabad, although a 
€ they be called /hips, are no better than our tar: — 
€ tanes: Their fides are high; they draw little wa- 
‘ ter, and are flat-bottomed. They are built of this 

* conftruction, 

* Tom. 3. p. 235. 
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© conftruction, not only becaufe this fea is fhal- 
low near the coafts, but becaufe it is full of 
€ fhoals and fand-banks; fo that no other veflels 
“could be ufed with fafety.. I was furprifed 
‘ to fee no fifhing carried on at Ferhabad, ex- 
‘cept falmons at the mouth of the river, a 
© bad kind of fturgeon, and other freth water, 
‘ fifhes of no value. I attributed this to their 
‘ignorance of navigation and of the art of fifh- 
‘ing, till | was informed:by the Cham of Efter- 
* abad, that this fea, at the diftance of 20 or 30 
© miles from the-fhore, is fo fhallow, that nets 
“could not be ufed with advantage; and that 
‘ the fame reafon accounted for the conftruction 
‘ of their veflels, which-carry no cannon, bécaufe 
‘the Cafpian is not infefted with pirates,’ 
Struys, Avril, and others, affirm, that, in the 
neighbourhood of Kilan, there are two gulfs, 
which {wallow up the waters of the Cafpian, and 
carry them, by fubterraneous paflages, into the 
Perfic Gulf. De Fer, and other geographers, 
have laid down thefe gulfs in their maps, 
though we are aflured by the Czar’s envoys, 
that they have no exiftence*. The fa, with 
regard to the willow leaves found on the Perfic 
Gulf, and which are alledged by the fame au- 
thors to be tranfported from the Cafpian Sea, 
becaufe no willows grow near the Perfic Gulf, 
| appears to be equally improbable, as the fubter- 
raneous paflages, which Gemelli Careri, as well 
| as 
* See Mem. de l’Acad, des Sciences, année 1721: 
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as the Ruflians, maintain to be altogether ima~_ 
ginary. Befides, the Cafpian is about a third lefs 
than the Black Sea, which laft alfo receives more 
water by rivers; evaporation, therefore, is a- 
lone fuficient to carry off all its adventitious: wa- 
ters, without the affiftance of : imaginary ' ae 
or fubterraneous paflages. 

There are lakes, or feas, which neither re- 
ceive nor le rivers; there are others 
which ‘both receive and difcharge, and others 
which-only receive. ‘The Cafpian, Lake Aral, 
and the Dead Sea, are of the laft kind: Jh 
Afia Minor, there is a-fmall lake of the fame 
fpecies: There is another ftill larger in Perfia, 
upon which the city of Marago is fituated: It is © 
of an oval figure, and about 10 or 12 leagues 
long, and 6 or 7 broad: It receives the Tauris, 
which is not a very confiderable river. If to 
thefe we add a {mall lake of the fame nature in 
Greece, 12 or 15 leagues from Lepanto, we 
have an enumeration of all the known lakes in 
Afia which belong to this fpecies. In Europe, 
there is not a fingle one of any confideration. 
There are feveral fmall lakes of this kind in 
Africa, as thofe which receive the rivers Ghir, 
Zez, Touguedout, and Tafilet. Thefe four | 
lakes lie at no great diftance from one another, 
and are fituated on the frontiers of Barbary, 
near the defert of Zaara. Thereäïs anotherin 
the province of Kovar, which receives the river 
that runs through the FREE of Berdoa. In 
Me 
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North America, whichabounds with lakes, there 
are none of this kind, except two {mall col- 
leétions of water formed by’ brooks, the: one 
near Guatimapo, and the other fome. leagues 
from Realnuevo, both in Mexico. But in Peru 
there are two contiguous lakes, one of which, 
Lake ‘Titicaca, is very large, and receives a river 
which rifes near Cufco; but-it gives rife to no 
river, There isa {mall lake in Tucuman, which 
receives the river Salta; another, in the fame 
country, of greater extent, receives the Santiago; 
and three or four between Tucuman and 
Chili. 

Thofe Jakes, which neither receive nor give 
rife to any river, are more numerous than the 
‘kind juft mentioned... They are a fpecies of 
fwamps, which collect the rain water; or, they 
may originate from fubterraneous waters that 
iffue in the form of fprings in low grounds, 
from which there is no fall to carry them off. 
Thofe rivers that overflow may alfo leave itag- 
nating waters upon the land, which remaina 
confiderable time, and are CIE recruited 
by fubfequent inundations. Salt lakes may 
fometimes be produced by inundations from the 
fea, as that at Harlem, and feveral others, in 
Holland, to which no other origin can be.afcri- 
bed. The fea, likewife, by abandoning certain 
lands, may have left lakes in the low grounds 
of particular countries, and which continue to 
be maintained by the rains. Of this kind, there 

are 


æ 
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are {mall lakes in Europe, as in Ireland, in fut- | 


land, in Italy, in the country of the Grifons, 


in Poland; in Mufcovy, in Finland, and in 
Greece: But all thefe are of little confideration. 
In Afia, near the Euphrates, in the defert of-Irac, 


there is one above 15 leagues long; another in 


Perfia, nearly of the fame extent, upon which 
are fituated the towns of Kelat, Tetuan, Vaftan, 


and Van; a fmall one in Chorazan, near Fer- 


rior; another in Independent Tartary, called 
Lake Levi; two in Mufcovite Tartary ; one in 
Cochinchina; and, in fine, a pretty large one 
not far from auras This laft, however, 
communicates with the neighbouring fea by a 
canal of confiderable extent. In Africa, there 
is a {mall lake of this fpecies in the kingdom of 
Morocco; another near Alexandria, which ap- 
pears to have been left by the fea; another, 8 
or 10 leagues long, formed by the rain-water, 
in the détert of Azarad, about the 3oth ddaner 
of latitude; another, {till larger, upon which is 
fituated the town of Gaoga, under the 27th de- 
gree; another, but much fmaller, near the town 
of Kanum, under the 30th degree; one near the 
mouth of the river Gambia; feveral others in 
Congo, about the ad or 3d degree of fouth lati- 
tude; two others in the country of the Caffres; w 
one of them, called Lake Rufumbo, is not very 
extenfive; and the other, which lies iñ the pro- 
vince of Arbuta, is perhaps the largeft of this 
kind, being about 25 leagues long, and 7 or 
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_ 8 broad: There is likewife one of thefe lakes 
near the eaft coaft of Madagafcar, about the 
20th degree of fouth latitude. | 
In America, there is one of thefe lakes fitua- 
ted in the middle of the peninfula of Florida, 
which has an ifland called Serrope in its centre. 
The lake near the town of Mexico, which is 
round, and about 10 leagues in diameter, belongs 
likewife to this fpecies. There is another full 
_ more extenfive in New Spain, about 25 leagues 
from the eaftern coaft of the bay of Campeachy ; 
and another, of fmaller dimenfions, in the fame 
country, near the coaft of the South Sea. Some 
travellers have affirmed, that, in the interior 
parts of Guiana, there is a very large lake of 
this fpecies, which they call Golden Lake, or 
Lake Parima; and they have given marvellous 
accounts of the riches of the neighbouring coun- 
try, and of the great quantities of gold duft 
found in this lake, which they alledge to be 
more than 400 leagues in length, and above 
125 inbreadth: No river, it is faid, either en- 
ters into or iflues from it. Though this lake 
be laid down in feveral maps, its exiftence is 
ftill problematical. | 
But the moft common and the moft extenfive 
lakes are thofe which both receive and give rife 
to rivers: As they are exceedingly numerous, I 
fhall only mention the largeft, or the moft re- 
markable of them. Beginning with Europe, 
we have, in Switzerland, the Lake of Geneva, 
that 
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that of Conftance, &c. In Hungary, Lake Bas 


laton, and another, of equal extent, in Livonia, 
which feparates this province from Ruffia; Lake 
Lapwert in Finland, which is very long, and — 
divides into feveral branches, and Lake Oula, | 
_ which is of a circular figure: In Mufcovy, Lake 
Ladoga, which is more than 25 leagues long, 
and above 12 broad; Lake Onega, which is e- 
qually long, but not fo broad; Lake Imen; 
_ Lake Belozero; which is one of thé fources of the 
~ Wolga; Lake Iwan-Ofero, which is one of the 
fources of the Don; and two other lakes, from 
which the river Vitzogda derives its origin: In 
Lapland, the lake from which iflues the river 
Kimi; another, much larger, and fituated near — 
. the coaft of Wardhus; and feveral others of 
lefs note, which give rife to the rivers Lula, 
Pitha, and Uma: In Norway, two lakes nearly 
of the fame dimenfions with thofe of Lapland : 
In Sweden, Lake Vener, which is as large as 
Lake Meller, upon which Stockholm is fituated ; 
and two lefs confiderable, one near Elvedal, and 
the other near Lincopin. 3 
In Siberia and in Mufcovite and Independent 
Tartary, there are a great number of thefe lakes, 
of which the principal are, the great lake Bara- 
ba, which is more than 100 leagues long, and 
the waters of which fall into the Irtis; the great 
lake Eftracuel, the fource of the Irtis; feveral 
leffer ones, the fources of the Jenifca; the great 
lake Kita, the fource of the SRE another great 
lake, 


\ 
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fake, the fource of the Angara; Lake Baical, 
… which is more than 70 leagues long, and is 


formed by the river Angara; and Lake Pehu, 


4 the fource of the Urack, &c. In China and 


Chinefe Tartary, we have Lake Dalaï, the fource 
of the great river Argus, which falls into the 
Amour ; the lake of the Three Mountains, the 
fource of the river Helum, which falls likewife 
into the Amour ; the lakes of Cinhal, Cokmor, 
and Sorama, the fources of the river Hoamho ; 


s two large lakesin the neighbourhood of Nankin, 
… &c. In Tonquin isthe Guadag, a lake of con- 


fiderable magnitude. In India, we have Lake 


4 Chiamat, which isthe fource of the river La- 
+ quia, and lies near the fources of the Ava, the 
_ Longenu, &c. This lake is more than 50 leagues 


long, and about 40 broad. The fource of the 
Ganges is another lake ; and one near Cafh- 
mire gives rife to the Indus, &c. 

In Africa, there are Lake Cayar, and two or 
three others, near the mouth of the Senegal ; 


_ Lake Guarda, and Lake Sigifmus, which, toge- 
| ther, make a triangular lake of 100 leagues long, 


and 75 broad, and contain a confiderable ifland. 
It is in this lake that the Niger lofes its name, 


| and, at its exit, aflumes that of Senegal, In a- 
' {cending towards the courfe of this river, we 


meet with another pretty large lake called Bour- 


… nou, where the Niger again changes its name ; 
… forthe river that falls into this lake is called 


Gombaru, At the fources of the Nile in Ethio- 
pia, 
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bia is the great lake Gambia, which is above 
ço leagues long. On the coaft of Guiney are ; 
alfo feveral lake’, which appear to have been o- 
riginally formed by the fea; and there are few 
others in Africa of any note. Ÿ 

North America is the country of lakes. The. 
moft extenfive of them are, Lake Superior, which 
is about 125 leagues long, and 50 broad; Lake, 
Huron, which is near 100 leagues in length, and 
about 40 in breadth; Lake Illionois, which, 
comprehending the bay of Puants, is nearly as 
extenfive as Lake Huron; Lake Erie and Lake 
Ontario, which, together, exceed 80 leagues in 
length, by 20 or 25 in breadth; Lake Miftafin, 
to the north of Quebec, is about 50 leagues long; 
Lake Champlain, to the fouth of Quebec, is 
nearly of equal length; Lake Alemipigon, and | 
Lake Chriftinaux, both to the north of Lake 
Superior, are likewife confiderable ; the Lake of. 
the Affiniboils contains feveral iflands, and is. 
more than 75 leagues long: Befides the Mexi-. 
con Gulf, there are two confiderable lakes in 
that country; that called Nicaragua, in the pro- 
vince of the fame PATES is about 70 leagues in 
length. 

Laftly, in South America, there is a fmall 
lake, the fource of the Maragnon. A more ex- 
tenfive one gives rife to the river Paraguay: 
‘There are, befides Lake Titicares, the waters of. 
which fall into the river Plata, two leffer ones, 


which gr eh their waters into the fame ri- — 
ver; 
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ver; and fome inconfiderable ones in the inte- 
rior parts of Chili, | 

All lakes that give rife to rivers, and all thofe 
which occur in the courfe of rivers, or which 
border upon and difcharge their waters into ri- 
vers, are not falt. Almoft all thofe, on the con- 
_ trary, which receive rivers, bur give rife to none, 
are falt. This circumftance feems to favour the 
opinion, that the faltnefs of the fea is occafioned 
by falts brought down from the land by the 
rivers ; for we find falt does not evaporate ; and, 
of courfe, all that is tranfported by the rivers 
remains in the fea: Although the water of ri- 
vers appears to be frefh, it is well known, that 
it contains a fmall quantity of falt, which, in the 
courfe of ages, might accumulate to fuch a de- 
gree as would be fufficient to produce the pre- 
fent faltnefs of the fea, which muft be con- 
tinually augmenting. It is in this manner, F 
prefume, that the Cafpian, Lake Aral, and the 
Black Sea, have become falt. With regard to 
thofe feas, which, like marfhes, or fwamps, nei- 
ther receive nor eh etee rivers, they are ei- 
ther falt or frefh according to their origin. 
Thofe in the neighbourhood of the fea are com- 
monly falt; and thofe at a diftance from it are 
freth ; becaufe the former have originated from 
Siindahions of the fea, and the latter from frefh 
fountains. 
_ Thewaters of the DeadSea containa great deal 
of the bitumen of Judea, which is nothing but 

Mors. xe : afphaltes ; 
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afphaltes; and, accordingly, this fea is often’ 
termed the 4/phaltic Lake. ‘The neighbouring . 
land is impregnated with this bitumen: And ~ 
many have imagined, that, like the Lake Aver- 
nus, no fifhes could livé in it, and that birds 
were fuffocated in attempting to fly over it. But 
fuch difmal effets are produced by neither of 
thefe lakes ; for both of them contain fifhes, the 
birds fly over them in fafety, and 1 men bathe i in 
them with impunity. 

It is faid, that, in Bohemia, there is a lake, 
which has holes in it fo deep, that they cannot | 
be founded, and that, from thefe holes, there 
iffue violent winds which fweep over all Bohe- | 
mia, and, in winter, raife into the air maffes of | 
ice oe more than 160 pounds weight *, We 
are likewife told of a petrifying lake in Iceland; 
and Lake Neagh in Ireland pofleffes the fame 
quality. But tee petrifications are, doubtlefs, 
nothing but incruftations fimilar to thofe pro- 
duced by the waters at Arcueil, 
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*¥'See Act. Leipf anno 1682, p. 246. 
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Of the Tides. 


ATER, like other fluids, n Amainlig de- 


 fcends from the higher to the lower 


grounds, if not prevented by fome interpofed 
obftacle ; and, after it has occupied the loweft 
. fituation, it remains fmooth and tranquil, unlefs 
. difturbed by fome foreign caufe. All the wa- 
_ ters of the ocean are collected in the loweft pla- 

ces upon the furface of the earth ; and hence 
_ the motions of the fea muft proceed from ex- 
ternal caufes. © The chief motion is that of 
« the tides, which rife and fall alternately, and 
_ from which refults a general and perpetual mo- 
tion, in all feas, from eaft to weft. Thefe two 
motions havé an invariable relation to the mo- 

| | Kase tions 
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tions of the moon, During the full and new 
moons, this motion from eaft to weftis moft re- 
markable, as well as that of the tides, which ebb > 
and flow, upon moft coafts, every 62 hours: It 
is always high tide when the moon arrives at 
the meridian, either above or below the horizon : 
of the place; and it is always ebb or low tide 
when the moon is at the greateft diftance from 
the meridian, or when it rifes and fets. The 
motion from eaft to weft is perpetual ; becaufe, 
when the tide is riling, the whole ocean moves 
from eaft to weft, and pufhes weftward an im- 
menfe body of water; and the ebbing, or re- 
flux, appears only to be owing to the fmaller 
quantity of water which is then impelled to- : 
wards the weft. The flux, therefore, ought ra- 
ther to be regarded as a fwelling, and the reflux 
as the fubfiding of the waters, which, in i 
of difturbing the motion from eaft to weft, 1 
the caufe that produces : and renders it ons 
al; though this motion, for the reafon already 
mentioned, is greater. during me flux than the. 
reflux. 

This motion is attended with the following 
circumftances: 1/f, It is more fenfible at the full 
- and new moon than at the quadratures; it is 
likewife more violent in {pring and autumn than 
in any other feafon; and it is weakeft at the fol- 
ftices. This phaenomenon is occafioned by the 
combined attractions of the moon and fun. 
ed, The direction and quantity of this motion, 

1$ 
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is often varied by the winds, efpecially fuch as 
blow conftantly from the fame quarter. Great 
rivers, in like manner, by difcharging their wa- 
ter into the fea, produce currents which often 
extend feveral leagues, and are ftrongef when 
the direction of the wind correfponds with the 
general motion, Of this an example is afforded 
in the Pacific Ocean, where the motion from 
eaft to weft is conftant, and very perceptible, 
(34, It is worthy of remark, that, when one part 
of a fluid is moved, the motion is communicated 
to the whole: During the tides, therefore, a 
great part of the ocean is fenfibly put in mo- 
tion ; and, confequently, the whole ocean, from 
furface to bottom, is moved at the fame time, 
To render this more clear, let us attend to the 
caufes which produce the tides. We formerly 
remarked, that the moon acted upon the earth 
by a force which fome call attraction, and others _ 
gravity. This force penetrates the whole globe, 
is exactly proportioned to the quantity of mat- 
‘ter, and decreafes as the fquares of the diftances 
increafe. Let us next examine what effeGs this 
force muft produce upon the waters, when 
the moon comes to the meridian of any place, 
The furface of the water immediately under the 
| moon is then nearer that planet than any other 
. part of the earth; of courfe, that part of the fea 
muit be elevated towards the moon, and the 
fummit of this eminence muft be oppolite to the 
moon's centre. To produce this eminence, the 
| sure waters 


/ 


} 
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waters upon the risa as well as thofe at the 
bottom, contribute their fhare, in proportion to 


their diftances from the moon, which aéts’ upon 
them in the’inverfe ratio of the fquares of their 


diftances. ‘Thus the furface of this part of the 


fea is firft elevated ; the furface of the adjacent 


parts is lkewife avi Ed but in a fmaller de- 


cree ; and the waters at the bottom of all thefe 


parts are raifed by the fame caufe. Hence, as 


thé whole portion of water under the moon is. 
raifed, the waters at a diftance, upon which no 


attraGtion is exerted, muft neceflarily ruth for- 


ward with precipitation to fupply the’ place of © 
thofe which are elevated, or drawn towards 


the moon. It isin this manner that the flux, 
or high tide, is produced, which is more or lefs 


fenfible on different coafts, and which agitates — 


the fea not onl y at the furface, but at the great- 
eft depths. The reflux, or ebb, 1s a confequence 


of the natural difpofition of the water, which, 


when no longer aéted upon by the moon, unt 
fides, and returns to occupy thofe fhores from 


. which it had been forced to retire by a foreign 


power. The fame effeét is produced when the. 
moon arrives at the antipode, or oppofite meri- 
dian, but fora different reafon: In the firft cafe," 


the waters rife, becaufe they are nearer the moon 
than any other part of the globe; and in the fe- 
cond, they rife, becaufe the moon is at the greateft 


diftance from them. Itis eafy to perceive that the 


effec: muft be the fame; for, the waters here be- 


t 


OE,TIHIE AI D'E Si. 342 


ing lefs attracted than thofe of the oppofite he+ 


. mifphere, they will neceflarily recede, and form 


a an eminence, the higheft point of which will be 


where the attraction is leaft, that is, in the me- 
ridian oppofite to the moon’s ftation, or to the 


. place where fhe was thirteen hours before, 


~ 


When’ the moon comes to the horizon, the tide 
is ebb, and the fea is in its natural ftate of equi+ 


librium, But, when the is in the oppofite meri- 


dian, this equilibrium cannot exift; for the wa- 
ters, at the place oppofite to the moon, being 
then at their great diftance from her, they are 
lefs attraéted than the reft of the globe; and 


1 hence their relative gravity, by which they are 


conftantly. kept in equilibrium, pufhes them to: 
wards the point oppofite to the moon, -in order 
to ‘preferve this equilibrium. Thus, in both 


cafes, when the moon is in the meridian of a 
-place, or in’ the oppofite meridian, the waters 


mutt be elevated nearly to the fame height ; and, 
confequently, they muft ebb or flow back when 
the moon is in the horizon, either at her ri- 


- fing or fetting. A motion, fuéh as we have 
 defcribed, neceflarily agitates the whole mafs of. 
* the ocean, from its furface to its bottom; and, 


as the bottom is lefs affected by winds than the 
furface, the motion produced in the former, by 


; the tides, 3 is more regi ular and uniform. 


From this alternate ebbing and flowing, thére 


D refults, as already remarked, a conftant motion 


of the fea from eaft to weft; for the moon, 
* which 
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which is the caufe of the tides, moves from eaft 
to welt, and, by acting fucceffively in this di- 
rection, fhe draws the waters after her. This | 
motion is moft perceptible in ftraits. At the 
ftraits of Magellan, for example, the tides rife 
near 20 feet, and they continue at this height 
fix hours; but the reflux, or ebbing, lafts only 
two hours, and the waters run to the welt *. 
This inconteflibly proves, that the reflux is not 
equal to the flux, and that, from both, there re- 
fults a motion to the weft, which is ftronger du-_ 
ring the flux than the reflux, It is for this rea- 
fon, that, in open’ feas, at great diftances from © 
land, the tides are only rendered perceptible by 
this general current of the waters from eaft to 
welt. 

The tides are much higher belvèee the tro= 
pics than in any other part of the ocean. They 
likewife rife higher in places that ftretch from > 
eaft to weft, in long and narrow bays, and upon 
éoafts which are interrupted with iflands and 
promontories. ‘The higheft known tides take 
place at one of the mouths of the Indus, where 
they rife 30 feet perpendicular. ‘They have al- 
fo a remarkable elevation at Malaya, in the 
ftraits of Sunda, in the Red Sea, in Nelfon’s . 
bay, at the mouth of the river St Lawrence, up- 
on the coafts of China and Japan, at aah à in 


the Gulf of Bengal, ce. | 
‘Fhe 


* See Narborough’s voyages. 
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- The fea’s motion, from eaft to weft, is moft 
obfervable in particular places, Woyagers have 
often remarked it in failing from India to Ma- 
dagafcar and Africa. It moves alfo with confi- 
derable force in the Pacific Ocean, and between 
the Moluccas and Brazil: But it is moft violent | 
in ftraits: The waters are carried from eaft to 
weft, through the ftraits of Magellan, for exe 
ample, with fuch rapidity, that their motion is 
‘perceptible, at a great diftance, in the Atlantic 
ocean. It was this circumftance, it is faid, that 
made Magellan conjecture that a ftrait exifted 
by which there was a communication with the 
two feas. Inthe ftraits formed by the Manillas, 
in the channels between the Maldiva iflands, and 
in the gulf of Mexico, between Cuba and Juca- 
tan, there is a conftant current from eaft to weit. 
"This motion, in the gulf of Paria, is fo violent, 
that its ftrait is called the Dragon's Mouth. It 
is likewife violent in the fea of Canada, in that 
of Tartary, and in Waigat’s. ftraits, through 
which it forcés enormous mafles of ice into the 
northern feas. The Pacific ocean runs from eaft 
to weft through the ftraits of Japan; the fea of 
Japan runs towards China; and the Indian 
ocean runs weftward through the ftraits of Java, 
and other iflands of India. It is, therefore, evi- 
dent, that the fea has a general and uniform 
motion from eaft to weft; and, it is certain, that 
the Atlantic runs towards America, and that the 

Pacific 
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Pacific ocean flies from i it, ass Le tes at ms 
Current between Lima and Panama *. idtyy à 
: In fine, the tides rife and fall lcéctint ala in 
yaa hours and a half upon moft coafts, though 
they happen at different hours, according to the 
climate, and the pofition of particular lands. 
‘Thus the coafts of the fea are’ perpetually beat 
‘by the waves and each tide carries off from the 
“higher grounds {mall quantities of matter, and 
‘depofites them, at a diftance, on the bottom of 
the ocean. Inthe fame manner, each tide car 
‘ries in, and: depofites upon low. coafts, fand; 
fhells, and other fea-bodies, which gradually 
form horizontal ftrata, and give rife to downs, 
and: little hills, fimilar to ‘other hills; both 
in figure and internal! ftru€ture.» Thus ‘the 
fea is conftantly encroaching upon high: coafts, 
‘and lofing ground upon thofe that are low ; and 
thefe effeats are produced by the aides, Bhd iy 
Ke nt winds. | 
‘To give an idea of eg hehe fes off a 
ftormy fea againft a high coaft, 1 fhall relate a 
fa attelted by 44 eye- Lo trstsl a perfon worthy 
of the higheft credit, In the largeft of the Ork- 
ney iflands, there are coafts compofed of folid 
‘rock, above 200 feet high, and nearly perpendi- 
‘cular to the furface of the water. The tides;as 7 
is ufual in iflands and promontories, rife, very M 
‘high at this:place. But, when a violent: wind M 
concurs with the flow of the tide; the agitation M 
of-the waters is fo great, that they often rife a- 
bove = 
* See Varen. Geogr. p. 119 ; "1 
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bove thefe rocks, and fall ‘down in the form of 
rain: Nay, to this amazing height, gravel, and 
{tones as large as a man’s fift, are raiféd from 
the foot of the rocks, dure 
I myfelf faw, in the port of Leghorn, where 
the fea is much more tranquil, a tempeft in De- 
cember 1731, which obligéd the mariners to cut 
off the mafts of their veflels, that were driven, 
by the violence of the wind, from their anchors 
in the road: The waters of the fea fur- 
mounted fortifications of a great height ; and, 
as | was upon one of the moft advanced works, 
before I could reach the town, { was more 
drenched with fea-water than I could have been 
by theheavieft rain. © ; 
Thefe examples may convey a notion of the 
_ violence with:which the fea a&ts againft particu. 
lar coafts. ‘This conftant agitation gradually 
wears *, corrodes, excavates, and diminithes the 
quantity of the land. All thefe materials are trant. 
ported and depofited in places where the fea is 
more tranquil. In thetime of ftorms, the water is 
foul and muddy, by the admixture of matters 
detached from the coafts and from the bottom 
of the fea. -Thefe bodies, which are very Vari= 
ous, and carried from great diftances, are thrown 
| ; ; “upon 
* We are told by Shaw, in his travels, that, in many parts 
on the coaft of Syria and Phoenicia, the rocks had been cut, by 
the ancients, into troughs of two or three yards long,;.and 
broad in proportion, for the purpofe of making falt by evapo- 
ration. But, notwithftanding the hardnefs of the rocks, thefe 


troughs are now almoft totally obliterated by the agitation of 
the waves. 
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upon the low fhores, efpecially after tempefts, 
as ambergris on the weft of Ireland, yellow am- 
ber upon the coafts of Pomerania, cocoas upon 
the coafts of India, &c. and fometimes pumice, 
_ and other fingular ftones. On this occafion, we 
may quote a paflage from the New Voyages to 
the iflands of America. ‘ When at St Domingo,’ 
a the author, ‘I was prefented, among other 
‘things, with fome light ftones, brought in by 
‘the fea in high fouth winds: Some of them 
‘ were two and a half feet long, 18 inches broad, 
* and about a foot thick; and yet they weighed 
‘ not above five nbthavds: They were as white 
* as now, harder than pumice, of a fine grain; 
‘and appeared not to be porous. When, how- 
“ever, they were thrown: into water, they re- 
‘ bounded like a foot-ball thrown againft the 
‘ground. It was difficult to forcé them under 
* water with the hand. I inclofed two of thefe 
© ftones with thin boards, and found that they 
“bore 160 pounds without finking. They fer- 
* ved my negro for a fhallop on which he divert- 
“ed himfelf in failing about the quay *” This 
tone muft have been a pumice of a clofe, fine 
grain, which had been tranfported by the fea 
from the neighbourhood of fome volcano, in the 
fame manner as ambergris, cocoas, common pu- | 
mice, the feeds of plants, reeds, &c. are tranf- 
ported. It is chiefly on the coafts of Ireland 
and of Scotland that obfervations of this kind 
‘have been made. The fea, by its general mo- 
tion 
* Tom. 1. p. 260. 
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tion from eaft to weft, ought to carry to Ameri- 
ca the productions of our coafts; and it muft 
be by the operation of fome irregular. move- 
ments, that the produdtions of the Eaft and Wek 
Indies, and of the northern regions, are brought 
upon our coafts. The winds are probably the 
caufe of thefe effe@s. In open feas, and at great 
diftances from land, large portions of the water 
have been feen totally covered with pumice- 
ftones. They could only come from volcano’s 
in iflands, or on the continent; and they have 
- probably been tranfported to the open feas by 
currents. Before the fouth part of America was 
difcovered, and when it was not believed that 
the Indian ocean had any communication with 
ours, appearances of this kind firft gave rile to 
the fufpicion that fuch a communication was not 
impoffible. 

The alternate motion of the tides, and the 
uniform motion of the fea from ean to weit, 
exhibit different appearances in differentclimates, 
according to the various indentations in the 
Jand, and the height of the coafts. In fome 
places the motion from eaft to weft is not per- 
ceptible; at others, it moves in a contrary direc- 
tion, as on the coaftof Guiney. But thefe con- 
trary motions are occafioned by the winds, by 
the pofition of the land, by the waters of great 
rivers, and by the difpofition of the bottom of 

the fea. All thefe caufes produce currents, 
which often change the direétion of the general 
movement, 
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movement. But, as this motion from eaft to 
weit is the greateft, moft general, and conftant, 
it ought to produce the moft fignal effets; and, 
upon the whole, the fea muft gradually gain 
ground onthe weft, and lofe it on the eaft; and 
although, upon coaftswhere the weft wind blows 
during the greateft part of the year, as in France 
and Britain, the fea may gain land on the eaft ; 
yet thefe exceptions deftroy not the effect of the 
general caufe. 
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HE coafts of the si may be divided 
into. three kinds: 1. High coafts com- 
pofed of hard rocks, ene perpendicular, 
and of a confiderable elevation, rifing fome- 
times to the height of 700 or 800 feet. 2, 
Low coatfts, of which fome are almoft level with 


_ the furface of the water, and others have a {mall 


elevation, and are often bordered. with. rocks 
nearly of a level with the water, which give 
rife to breakers, and render the approach of fhips 


exceedingly dangerous. 3. Downs, or coafts 
formed by fand, either accumulated by the fea, 
or brought down and depofited by rivers: Thefe 


downs 
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downs form hills of more or lefs elevation, ac- 
cording to circumftances. 

The coafts of Italy are lined with pars and 
rocks of different fpecies. Thefe rocks ap- 
pear at a diftance like perpendicular pillars of 
marble. The coafts of France, from Breft to 
Bourdeaux, confift almoft entirely of rocks on 
a level with the fea, which occafion - breakers. 
The coafts of Engfand, of Spain, and of many 
other places, are bordered with rocks and hard 
ftones, except particular {pots which are em- 
ployed as roads and harbours. 

The depth of the water along the OL is 
generally proportioned to their elevation; a high 


‘coaft indicates a deep water ; and, on low.coafts, - - 


the water is commonly fhallow. The inequa- 
- Jities at the bottom of the fea near the coatts 
_likewife correfpond with the inequalities in the 
furface of the ground along the fhore. This 
fubje® is illuftrated in the following manner oy 
a celebrated voyager, 
‘TL have made it my general obfervation, hae 
‘ where the land is fenced with fteep rocks and 
“ cliffs againft the fea, there the fea is very deep, 
“and feldonn affords anchor-ground; and, on 
* the other fide, where the land falls away with 
‘ a declivity into the fea, (although the land be 
* extraordinary high within,) yet there are com- 


‘ monly good foundings, and confequently an- 


‘choring; and, as the vifible declivity of the 
f ee appears near, or at the edge of the water, 
* whether 
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‘whether pretty fteep, or more floping, fo we 
“commoniy find our anchor-ground to be more 
‘or lefs deep or fteep; therefore we come near- 
“er)the fhore, or anchor farther off, as we fee 
‘ convenient; for there is no coaft in the world, 
“that I know, or have heard of, where the land 
“is of a continual height, without fome fmall 
* valleys ordeclivities, which lie intermixed with 
‘the high land. They are the fubfiding of val- 
* leys or low lands, that make dents in the fhore 
‘and creeks, {mall bays and harbours, or little 
* coves, &c. which afford good anchoring, the 
070 of the earth being there lodged deep 
‘under water. Thus we find many good har- 
‘“bours on: fuch coafts, where the land bounds 
‘ the fea with fteep cliffs, by reafon of the de- 
< clivities, or fubfiding of he land between thefe 
* cliffs: But, where the declenfion from the hills 
* orvcliffs is not within land, between hill and 
“hill, but, as on the coaft of Chili and Peru, the 
* declivity is toward the main fea, or into it, the 
* coaft being perpendicular, or very fteep i om 
‘the neighbouring hills, as in thofe countries 
“from the Andes, that run along the fhore, 
‘ there is a deep fea, and few or no harbours or 
‘ creeks. All that coaft is too fteep for anchor- 
‘ing, and hath the fewelt roads fit for hips 
* of any coaft I know. : The coafts of Gallicia; 
* Portugal, Norway, and Newfoundland, &c. 
‘are coafts like the Peruvian, and the high 
‘iflands of the Archipelago; but yet not fo 
Vor, I. Z * {canty 
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* fcanty of good harbours; for, where there are 
‘fhort ridges of land, there are good bays at 
“the extremities of thofe ridges, where they 
* plunge into the fea; as on the coaft of Ca- 
‘raccos, &c. The ifland of Juan Fernandez, 
© and the ifland of St Helena, &c. are fuch high 
‘land with deep fhore: And, in general, the 
* plunging of any land under water, feems to 
‘ be in proportion tothe rifing of its continuous, 
‘ part above water, more or lefs fleep; and it 
* muft be a bottom almoft level, or very gently 
‘ declining, that affords good anchoring, fhips 
‘ being foon driven from their moorings on a 
* fteep bank; therefore, we never ftrive to anchor 
* where we fee the land high, and bounding the 
# fea with fteep cliffs; and, for this reafon, when 
‘ we came in fight of States-Ifland, near Terra 
$ del Fuego, before we entered into the South- 
* Seas, we did not fo much as think of anchor- 
‘ing after we faw what land it was, becaufe of 
‘ the fteep cliffs which appeared à bi the fea; 
‘ yet there might be little harbours or coves for 
* fhallops, or the like, to anchor in, which we 
© did not fee, or fearch for. | 
‘As high fteep cliffs’: bounding on the fea 
‘ have this ill confequence, that they feldom af- 
‘ ford anchoring; fo they have this benefit, that ~ 
{we can fee them far off, and fail clofe to them, 
‘ without danger; for which reafon we call 
‘them bold fhores; whereas low land, on the 
f contrary, 13 feen but a little way, and in many 
‘ places 
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“places we dare not come near it, for fear of 
‘running a-ground before we fee it. Befides, 
‘there are, in many places, fhoals thrown out 
“by the courfe of great rivers, that from the 
‘low land fall into the fea. 

* This which I have faid, that there is ufually 
“good anchoring near low lands, may be illu- 
“ftrated by feveral inftances. Thus, on the 
* fouth fide of the bay of Campeachy, there is 

“ moftly low land, and there alfo is good an- 
“choring all along fhore; and, in fome places 
“to the eaftward of the town of Campeachy, 
* we fhall have fo many fathom as we are leagues 
‘ off from land; that is, from 9 or 10 leagues 
* diftanée, till you come within 4 leagues; and 
‘from thence to land it grows but fhallower. 
* The bay of Honduras alfo is low land, and con- 
* tinues moftly fo,as we pafled along from thence 

‘to the coafts of Portobel, and Cartagena, till 
_ ‘we came as high as Santa Martha; afterwards 

… the land is low again, till you come towards 
‘the coaft of Caraccos, which is a high coaft 
. “and bold fhore. The land about Surinam, on 
_ “the fame coaft, is low and good anchoring, and 
* that over on the coaft of Guiney is fuch alfo. 
: © And fuch, too, 1s the bay of Panama, where 

* the dilotthook orders the pilot always to found, 
“and not to come within fuch a deep, be it Sy 
‘night or day. In the fame feas, from the high 
‘land of Gautimala in Mexico, to California, 
“ there is moftly low land and good anchoring, 

Z 2 RURALE 
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‘In the main of Afia, the coaft of China, the 
‘bay of Siam and Bengal, and all the coaft of 

* Coromandel; and the coaft about Malacca, and 
againft it the ifland of Sumatra, on that fide, 
are moftly low anchoring fhores. But,lon the 
‘ welt fide of Sumatra, the fhore is high and 
bold; fo moft of the iflands lying ta the 
eaftward of Sumatra; as the iflands Borneo, 
‘ Celebes, Gilolo, and abundance of iflands of 
‘lefs note, lying fcattering up and down thofe 
feas, are low land, and have good anchoring 
about them; with many fhoals fcattered to and 
fro among eheind's but the iflands lying againft 
‘ the Eaft-Indian Odean, efpecially the- weft fides 
of them, are high land and fteep, particularly 
the weft parts, not only of Sumatra, but alfo 
“of Java, Timor, &c, Particulars are endlefs; 
but, in general, ’tis feldom but high fhores and 
die waters, and, on the other fide, low land 
and fhallow feas are found together *, 

It is, therefore, fully eftablifhed by thé obfer- 
vations of navigators, that there are, in thc-bot- 
tom of the fea, confiderable mountains, and o- 
ther inequalities. We are alfo aflured by the 
teflimony of divers, that there are {maller ine- — 
qualities occafioned by rocks, and that the cold : 
is greateit in the hollows or valleys: In general, 
as formerly remarked; the depths of open feas 
augment in proportion to their diftance from 
the coafts.> It appears, from M2 Buache’s 


Sa 


a 


a 


A 


a 


chart of that part of the ‘ocean which lies be- 
: tween 
# Dampier’s Voyages, vol, 1. p. 422. 423. 424. 425. 
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tween the coafts of Africa and América, and 
from the draughts he has pivén us of the fea 
_ from Cape Tagrin to Rio-grand, that the bot- 
tom of the ocean is as irregular as the furface 
of the land; that Abrolhos, where there aré 
vigies, and where fome of the rocks are on 4 
level with the water, are only the tops of large 
and high mountains, of which Dolphin ifland 
is one of the moft elevated points; that the Cape 


-. de Verd iflands are likewife the tops of moun- 


tains; and that all round thefe abrolhos and 

iflands, the depth of the fea is unfathomable. 
With regard to the qualities of the different 
foils atthe bottom of the fea, little can be faid 
with precifion, as all our knowledge is derived 
from founding and from divers We on: 
ly know, that fome places are covered with 
flime and mud of a confiderable thicknefs, in 
which anchors can have no hold: It is proba- 
ble that, in thefe places, the mud is depolited by 
rivers, Other parts are covered with fand of 
different kinds, fimilar to thofe upon land. In 
others are heaps of fhells, madrepores, corals, 
and other produ@ions of infects, ult beginning 
to unite and to aflume the form of ftones: In 
others, we find fragments of flones, gravel, and 
frequently ftones and marbles completely forni- 
ed, In the Maldiva iflañds, for example, they 
build their houfes with a hard ftone raifed from 
fome fathoms under water. At Marfeilles very 
good marble is raifed from the bottom of the 
Z 3 | fea, 
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fea, which, inftead of wafting or deftroying 
ftones and marble, creates and preferves them : 
tis the fun, the earth, the air, and the rains, _ 
which alone corrupt and deftroy thefe fubftan- 
ces, + | | 
The bottom of the fea muft be compofed of 
the {fame materials as the furface of the earth, 
fince the very fame fubftances are found on both. 
At the bottom of fome parts of the ocean are 
vaft colleGtions of fhells, madrepores, and corals; — 
and we find, upon land, numberlefs quarries, 
banks of chalk, and of other fubftances, mixed 
with the fame fhells, madrepores, and corals; fo 
that, in every view, the dry parts of this globe 
refemble thofe covered with the waters, both in 
compofition of materials, and in fuperficial : in- 

equalities. 
To thefe inequalities at the bottom, we muft 
afcribe the origin of currents; for, if the bot . 
tom were uniform and level, there could be no © 
current but the general motion from eaft to 
weft, and fuch as might occafionally be produ- 
ced by the winds.. But what inconteftibly 
proves, that moft currents are produced by the 
tides, and take their direGtion from inequalities at 
the bottom, is, that they uniformly follow the 
tides, and change their courfe at every ebb and 
flow * This fact is confirmed by the teftimony 
of 


* See Pietro della Valle on the currents in the Gulf of Carn- . 
baia, vol. 6. p. 363. ; 
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of all navigators, who unanimoufly affirm, that, 
in thofe places where the tidés are moft impetu« 
ous, the currents are likewife moft rapid. 

Thi it is apparent, that the tides give rife té 
currents, and that they always follow the di- 
rection of the oppofite hills or mountains be- 
tween which they run. Currents produced by 
winds likewife obferve the direction of the emi- 
nences concealed under the waters 3 for they 
feldom run in the direé path of the winds; nei» 
ther do thofe produced by the tides invariably 
obferve the courfe ap out by their onetedt 
caufe, 

To give a diftinG idea of the origin of cur- 
rents, let it be remarked, that they take place in 
all fei 3 that fome are rapid, and others 
flow; that fome are of great extent both in 
lenigth and breadth, and others fhorter and nar- 
rower; that the fame caufe by which they are 
produced, whether it be the wind or the tides, 
frequently beftows on each a differerice both in 
celerity and direction ; that a north wind, for 
example, which ought to produce a general mos 
tion towards the fouth, gives rife, on the con _ 
trary, toa number of féparate currents, very 
different, both in their direction and extent, fome 
running fouth, others fotith-eaft, and others 
fouth-weft ; fome are rapid, others flow ; fome 
long and broad, and others fhort and narrow : 
In a word, their motions are fo various and 
combined, that they lofe all refemblance to their 

general 
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general caufe. When a contrary wind blows, 
every motion is uniformly reverfed; and the 
courfe of the different. currents is hab the 
fame as would neceflarily take place between 
two oppofite and neighbouring hills upon the 
furface of the land, were it covered with water. 
Of this, the Maldiva and Indian iflands, where 
the winds blow and the currents run FHeablabyy 
for fix months in oppofite direétions, afford moft © 
diriking examples. The fame thing has been 
remarked of currents between fhoals and fand- 
banks. In general, all currents, from whatever 
caufe they proceed, have the fame dimenfions, 
and the fame dire@ion through their whole 
courfe ; but they differ greatly from each other 
in every refpect. This uniformity and variety 
can proceed from no other caufe but the ine- 
qualities of the hills, POUBLAARs and valleys, at 
the bottom of the ocean ; for, it is an eftablith- 
ed fact, that the. current pr two iflands 
follows the direétion of the coafts; and the 
fame phaenomenon is exhibited éinias fhoals 
and fand-banks, The hills and mountains in 
the fea, therefore, may be confidered as the 
banks which contain and dire@ the currents : 
Hence a current is a river, the breadth of which 
is determined by that of the valley through 
which it runs; its rapidity is proportioned to 
the force by which it is produced, combined 
with the breadth of the interval through which 
it pailes ; and its direction is marked out by the 

pofition 
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pofition of the hills and. other inequalities be- 
tween which it fhapesits courfe, 

: An opportunity is now afforded.us of ex- 
plaining that fingular correfpondence between 
the angles of hills and mountains, which is ob- 
fervable in ‘every country of the world, We 
have already remarked this uniform correfpon- 
dence of angles in the banks of rivers. : The 
caufe of this effect depends on the laws of hy- 
droftatics, and might be eafily explained. But 
it is {ufficient for our prefent purpofe, that the 
fa& is general, and univerfally known; and 
every man may fatisfy himfelf with his own 
eyes, that, when the bank of a river projeéts 
into the land, to the left, for inftance, the op- 
pofite bank, on the contrary, makes a projec- 
tion from the land on the right. 

The currents of the ocean, therefore, which 
ought to be regarded as large rivers, and as fub- 
jet to the fame laws as thofe on land, mutt, 
like them, have formed, through the whole ex- 
tent of their courfe, many finuofities or wind- 
ings with correfponding angles or. projections: 
And, as the banks of currents are hills and . 
mountains, either above or below the furface 
of the water, they muft have produced on thefe 
eminences -the fame effets as our rivers do up- 
on their banks. ‘Thus, we have no longer any 
reafon, to be aftonifhed, that our hills. and 
mountains, which were formerly covered with 

| the 
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the fea, and formed by the fediments of its wa- 
ters, fhould have affumed, by the motion of its 
currents, this regular figure, arifing from the 
correfpondence of their oppofite angles. They 
were originally banks of currents, or of fea-ri- 
vers, and muft neceffarily have affumed a figure 
and direction fimilar to thofe of land-rivers. 
This alone, independent of the other proofs . 
which we have adduced, is fufficient to 
fhow, that all our prefent continents and 
iflands were formerly covered with the waters 
of the ocean, and throws much light on the 
_ theory which I have been endeavouring to efta- 
_ blith. It was not enough to have proved that 


the internal ftrata of the earth were formed by . 


fediments of the waters; that the mountains 
were elevated by fucceflive accumulations of 
thefe fediments; or, that many ftrata were im- 
pregnated with fhells and other productions of 
the fea. It was ftill neceflary to inveftigate and 
affign the real caufe of the correfpondence in 
the angles of mountains, which hitherto had 
never been attempted, but which, when united 
with the other proofs, forms a connected chain 
of evidence in fupport of my theory, as com- 
plete as the nature of phyfical reafoning will 

admit. . raisins 
The moft confpicuous currents of the ocean 
are thofe in the Atlantic near the coaft of Gui- 
ney. They extend from Cape Verd to the bay 
ef Fernandpo, They run from weft to eaft, 
. which 
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which is contrary to the general motion of the 
fea; and they are fo rapid, that veffels fail in 
two days from Moura to Rio de Benin, about 
150 leagues, but require fix or feven weeks to 
return. It would be impoffible to clear thefe 
latitudes, were it not by means of the tem- 
peftuous winds which fuddenly arife in them: 
But there are fometimes whole feafons in which 
the mariner is obliged to remain ftationary, on 
account of perpetual calms, the fea having here 
no motion but what it derives from the currents ; 
and thefe always run in upon the coafts, from 
which they extend not above 20 leagues. Near 
the ifland of Sumatra, there are rapid currents, 
which run from fouth to north, and which have 
probably given rife to the bay between Malacca 
and India. We find fimilar currents between 
Java and the lands of Magellan, and between 
the Cape of Good Hope and Madagafcar, efpe- 
cially on the African coaft from Natal to the 
Cape. In the Pacific ocean, upon the coafts of 
Peru, and the reft of America, the waters move 
from fouth to north, which is probably owing 
to the conftant blowing of the fouth wind. The 
fame motion. from fouth to north has been re- 
marked on the coafts of Brafil, from Cape St 
Auguftine to the Antilles, and from the mouth 
of the Manilla ftraits to the Philippines and 
Japan *. 

Jar There 


* See Varen. Geogr. p. 146. 
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autT here ate diolene currents in the neighbour~ 
_ hood of the Maldiva iflands ; arid between thefe 
iflands, as already obferved, the currents run:al- 
ternately in oppofite directions fix months in 
the year, and are ana i occaftoned Borns re 
trade-winds. 

We here enumerate fuch currents only as are 
remarkable both for their extent and their rapi- 
dity; becaufe the number of leffer currents is 
almoft infinite. The tides, the winds, and eve- 
ry caufe that agitates the waters, produce cur- 
rents, which are more or lefs perceptible in dif- 
feedtit places. We have already remarked, that 
the bottom of the féa is, like the land, interfec- 
ted with mountains and valleys, fhoals and fand- 
banks. In all the mountainous places, the cur- 
rents muit neceflarily be violent; and, where 
the bottom is fmooth and level, they are almoft 
imperceptible ; for the rapidity ofa current muft 
augment in proportion to the obftacles with 
which the waters have to encounter. The cur- 
rent between two chains of mountains will be 
more or lefs violent in proportion to their di- 
- ftance. The famething muft happen between two 
banks of fand, or two adjacent iflands. It is, ac- 
cordingly, remarkable, that in the Indian ocean, 
which is interleétéd with an innumerable quan- 


tity of iflands aiid fand-banks, there are every 


where currents, which, by their rapidity, Jt 
“navigation extremely ERA 


Currents 


Currents.are not only occafoned by inequa~ 
lities at the bottom: but a fimilar effect is pro- 
duced by the coafts, from which the. waters are 
repelled to greater or lefs: diftances.. This re- 
gorging of the waters may-be rendered perpe- 
tual and violent by particular circumftances: An 
oblique pofition, for example, of a coaft, its con- 
tiguity to à bay or a great river, a promontory, 
or any particular obftacle to the general move- 
ment of the waters, will always give rife to a 
current : Now, as nothing is more irregular than 
the bottom and the coafts of the fea, the num- 
ber of currents which every where appear ought 
not to create furprife. 

All currents have a determinate breadth, pro- 
portioned to the interval between the two emi- 
nences which limit them. They run inthe fame 
manner as land-rivers; they forma channel, 
and cut their banks in a regular manner, with 
correfponding angles: In fine, the currents of 
the ocean have fcooped out our valleys, fhaped 
our mountains, and beftowed upon the land, 
while it remained under the furface of the wa- — 
ters, the form in which it now appears. 

If any doubt fhould remain concerning the 
 correfpondence in the angles of mountains, I 
appeal to the teflimony of every man’s obferva- 
tion. Every traveller may remark this corre- 
fpondence in oppofite hills. When a hill makes 
a projeCtion to the right, the oppolite one uni- 
formly recedes to the left, Befides, in oppofite 

hills 


366 OF INEQUALITIES IN THE, &. 


hills feparated by valleys, there is rarely any dif- 
ference in their height. The more I obferve 
the contours and elevations of hills, I am the 
more convinced of the correfpondence of their 
angles, and of their refemblance to the channels 
and banks of rivers. It was the repeated obfer- 
vation of this furprifing regularity and refem- 
blance that firft fuggefted the idea of the theory 
of the earth which I am now fupporting. When 
to this are added the parallelifm of the ftrata, 
and the fhells fo univerfally incorporated with 
different materials, no fubje& of this nature can 
admit of a greater degree of probability. 
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Of Regular Winds. 


N our climates, nothing can appear to be 

more capricious and irregular than the force 
and direction of the winds. But there are fome 
countries where this irregularity is not fo great, 
and others where the wind blows conftantly in 
the fame direction, and with nearly the fame 
degree of force. 


_ Though the motions of the air depend on. - 


many caufes; yet there are fome more con- 
. ftant and powerful than others, But it is diffi- 
cult to eftimate their precife effects, becaufe thefe 


_ are often modified by fecondary caufes, 
The 


368 OF REGULAR WINDS. 


The heat of the fun is the moft powerful 
caufe of winds: It produces.a confiderable and 
fucceflive rarefaGtion in the different parts of 
the atmofphere, and gives rife to an eaft-wind, 
which blows conftantly between the “Tropics, 
where the rarefaétion is greateft. 

The force of the fun’s attraction upon the at- 
mofphere, and even that of the moon, are in- 
confiderable, when compared with the caufe 
juft mentioned. This force, it is true, produces 
a motion in the air fimilar to that of the tides 
in the fea: But, though the air is elaftic, and 
800 times lighter than water, the motion pro- 
duced by attraction cannot exceed what is ex- 
cited in the waters of the ocean by the fame 
caufe; for the action of gravity being propor- 
tioned to the quantity of matter, it muft elevate 
a fea of water, of air, or of quickfilver, nearly 
to the fame height. Hence the influence of the 
_ planets. upon: the air muft be inconfiderable * ; 
and, though it. muft occafion: a flight motion 
from eaft to weft, this motion. becomes alto- 
gether infenfible when compared with that pro- 
duced by the heat of the fun: But as the rare- 
faction is always greateft, when the fun is in the 
zenith, the current of air muft follow the courfe 
of the fun, and produce a conftant. wind: from 
eaft to weft. At fea, this wind blows perpetu+ 
ally in the Torrid Zone, and at land, in moft 

_ places « 


* Sec Reflections fur la Caufe Generale des Vents, par M. — j 
D’Alembert. | 
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places between the Tropics. It is this wind 
which we perceive when the fun rifes ; and, in 
general, eaft winds are more frequent, and more 
violent than weft winds. The general wind, | 
from eaft to weft, extends even beyond the 
Tropics. It blows fo conftantly in the Pacific 
ocean, that the fhips coming from Acapulco to 
the Philippines, perform their voyage, which is 
more than 2700 leagues, without the leaft dan- 
ger, and almoft without the neceffity of being 
directed. In the Atlantic, between Africa and 
Braiil, this wind is equally conftant, Jt is like- 
wile felt between the Philippines and Africa ; 
but there it is lefs conftant, on account of the 
obftacles it meets with from the numerous 
iflands in that fea; for it blows, during the 
months of January, February, March and April, 
between the Mozambique coaft and India; but 
it gives place to other winds during the reft of 
the year: And, though it is lefs perceptible on 
_ the coafts than on the open fea, and ftill lefs in 
the interior parts of continents than on the 
coafts, yet, in fome places, it blows almoft per- 
_ petually, as on the eaft coafts of Brafil, of Loan- 
go in Africa, &c. | 

This wind is conftant under the Line; and, 
therefore, in going from Europe to America, 
mariners dire their courfe fouthward, along: 
the coafts of Spain and Africa, till they come. 
within 20 degrees of the Equator, where they 
fall in with the eait, or trade-wind, which car 
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ries them directly to the coaft of America. By 
means of the fame wind, the voyage from Aca- 
pulco to the Philippines is performed in two 
months; but the return from the Philippines 
to Acapulco is much more difficult, and requires 
a longer time. About 28 :or230 degrees on 
this fide of the Line, the weft wind is equally 
conftant; and, forthisreafon, the veflels return- 
ing from the Weft Indies to Europe, obferve 
not the fame route as in going out, Thofefrom 
New Spain run north along the coaft, till they 
arrive at the Havannah, in the ifland of Cuba; 
and from thence they proceed northward. till 
they fall in with the weft wind, which. carries 
them to the Azores, and then to Spain.’ In the 
fame manner, veffels returning by the South 
Sea from the Philippines or China, to Peru or 
Mexico, fail north as far as Japan ; and, under 
that latitude, they proceed till they arriveiat a 
certain diftance from California; and from 
thence, following thé coaft of New Spain, they 
reach Acapulco. Thefe eaft winds blow not al- 
ways from the fame point; but, in general, they 
blow from the fouth-eaft, from April to Septem- 
ber, and from the north-eaft from November to 
April. | | 
The eaft wind, by its conftant action, aug= 
ments the general motion of the fea from eaft — 
to weft. It alfo produces perpetual currents, — 
fome of them running from eaft to weft, and » 
others from eaft to fouth-eaft, or north-weft, ac- 
cording to the direction of the eminences, or 
‘chains — 
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chains’ of mountains, below the furface: The 
valleys or intervals between them ferve as chan- 
. nels to thefe fea-rivers: , The variable winds, 
. which. blow fometimes from the ‘eaft, and’ 
fometimes from the fouth, likewife produce cur- 
rents, which change their LESH OB Eh that of 
the wind. 

The winds that blow conftantly a né 
Eve are commonly fucceeded .by contrary 
winds, which oblige the mariner to wait for 
that which is moft favourable to his deftination. 
‘When thefe winds change, they often produce, 
. for feveral days, and fometimes for a month, or 
“even two months, a perfect calm, or ace 
_ tempetts. | 

Thefe general winds, RUES by the ta 
refaction of the atmofphere, are varioufly com- 
bined and modified by different caufes, and in 
different climates. In that part of the Atlantic 
which lies underthe Temperate Zone, the north 
_ wind blows almoft conftantly during the months 
_ of O&ober, November, December, and January. 
.'Phefe months, therefore, are moft favourable 
_ for fhips going to the Indies, which are carried — 
_ over the Line by this wind: And it is a well 
_ known fac, that veffels which depart from Eu- 
rope in March, frequently arrive not fooner at 
Brafil than thofe which fet out in the following 
… Oober. The north wind reigns almoft perpe- 
, tually, during the winter, off. Nova Zembla, and 
… other northern coafts. At Cape de Verd, the 
Aa 2 ” fouth 
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fouth wind blows, during the month of July, 
which is the rainy feafon, or winter, in that 
climate. At the Cape of Good Hope, the north- 
weft wind blows during the month of Septem- 
ber: The fame wind blows at Patna in the Faft 
Indies, during the months of November, De- 
cember, and. January, and occafion great rains ; 
but the eaft wind prevails during the other nine . 
months. In the Indian Ocean, between Africa 
and India, and as far as the Molucca iflands, 
the trade-wind from eaft to weft reigns from 
January to the beginning of June; the weft 
winds begin in Auguft or September; and, in 
the interval between June and July, there are 
dreadful tempefts, generally from the north. 
“winds ; but thefe winds are more variable on 
the coafts than in the open feas. 

In the kingdom of Guzarat, and upon the 
neighbouring counts, the north winds blow from 
March to September; and, during the other 
months, the fouth winds almoft always prevail. ” 
The Dutch, in returning from Java, fet out in _ 
January or February, by the afliftance of the 
eaft wind, which is-felt as far as the 18th degree 
of fouth latitude; andthen they meet with fouth 
winds, which carry them to St Helena * 

Some regular winds are produced LS the 
melting of the fnows. This was remarked by 

-the ancient Greeks. During fummer, a north- 
caft wind, and a fouth-eaft one during winter, 
. was | 


* See Varen. Geogr. cap. 20 
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was obferved to take place in Thracia; in Mace- 
donia, in the Egean Sea, and even in Egypt 
and Africa; and winds of the fame kind have 
been remarked in Congo, at Guzarat, and at the 
extremity of Africa, which are all occafioned by 
the melting of the fnows. Regular winds, 
which laft but a few hours, are alfo produced by 
the motion of the tides; and, in many places, as 
_on the coafts of New Spain, of Congo, of Cuba, 
&c. a wind blows from the land during the 
night, and from the fea during the day. \ 
The north winds are equally regular within 
_ the polar circles; but they become more and 
_ more imperceptible as we approach the Equa= 
tor: This remark is applicable to both poles. | 
In the Atlantic and Ethiopic ocean, within 
the tropics, an eaft wind blows during the 
whole year, without any confiderable variation, 
except in fome fmall fpots, where it changes 
_ according to the fituation of coafts, and other 
circumftances: 1/7, Near the coaft of Africa, and 
about the 28th degree of North latitude, veffels ‘ 
are certain of finding a frefh gale from the 
north-eaft, or north-north-eaft, which accom- 
. panies them to the roth degree of the fame la- 
titude, about 100 leagues from the coaft of 
Guinea ; and, at the 4th degree of north latitude, 
they meet with calms and tornado’s. 2d, In 
_ going by the Caribbee iflands, this wind turns 
more and more eafterly, in proportion as vef- 
fels approach the American coaft, 34, The 
A à 3 limits 


\ 
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‘limits of thefe variable winds, in the Atlantic, 
‘are more extenfive upon the coafts of America 
than upon thofe of Africa. Along the:coaft of 
Guinea, from Sierra Leona to the ifland of St 
Thomas, an extent of. about 500 leagues, there : 
is a perpetual fouth, or fouth-weft wind. The 
narroweft part of the Atlantic is from the coaft 
of Guinea to Brafil, where it is not above 500 — 
leagues’ over. Veflels, however, that depart « 
from Guinea, are obliged to fhape their courfe 
fouthward, efpecially when they fet out in the 
months of July or Auguft, in order to fall in 
with the fouth-eaft winds, which blow conftants 
ly during this feafon *. 

In ine Mediterranean, the eaft a | blows 
from the land in the evening, and the weft wind | 
from the fea in the morning, The fouth wind, 
which is accompanied with rain, and blows 
commonly during the latter end of autumn, at 
Paris, in Burgundy, and Champagne, yields to a 
mild north-eaft wind, which produces that fine 
weather vulgarly called Saint Martin’s Sum-. 
mer Ÿ. 

Dodtor Lifter alledges, that the caft wind, 
which reigns during the whole year between 
the tropics, is becouse by the tranfpiration of 
the plant called the /ea-/entz/, which abounds in — 
thefe climates; and that the difference of land-— 
winds is owing to the different fituation of trees 

: and 


* See Phil. Tranf, Abridg. vol. 2. p. 120. 
+ See Traité de eaux de M. Mariotte. 
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and forefts, This ridiculous whim he afligns 
as the caufe of the winds ; and, in his Opinion, 
the wind is ftrongeft at mid-day, becaufe the 
tranipiration from plants is then greateft; and 
the wind, continues he, blows from eaft to welt, 
becaufe all plants are, in fome mealuré, fun- 
flowers, and tranfpire moft from the fide oppo- 
fed to the fun *. | 

Other authors have afligned the diurnal mo- 
tion of the earth as the caufe of this eaft wind. 
This notion is fpecious: But every man, who 
has the leaft knowledge of phyfics, muft allow, 
that no fluid which furrounds the earth can be 
affected by its rotation ; that the air muft move 
along with the earth itfelf ; and that the rota- 
tory motion is equally imperceptible in the at- 
‘mofphere as on the furface of the earth. 

The principal caufe of the winds, as already 
remarked, is the heat of the fun |; for, what- 
ever rarifies or condenfes the air, muft produce 
a wind, or current, in a direction oppofite to 
thofe places where the rarefa@ion or condenfa- 
tion is greateft, 

The preflure of clouds, exhalations from the 
earth, the explofion of meteors, rains, &c. like- 
wife produce confiderable agitations in the at- 
mofphere. Each of thefe caufes, when variouf- 
ly combined, produce different effets. As it 
is In vain to attempt a complete theory of the 
winds, I confine myfelf to their hiftory, 


If 
* See Phil. Tranf. No. 156. 


} See Halley’s treatife on this fubje& in the Phil, Tranf 
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If we had a feries of obfervations upon the 
direction, the force, and the variations of the 
winds in the different climates of the earth, and 
if thefe obfervations were fufficiently numerous 
and exact, we might be enabled to form more 
complete ideas with regard to the caufes of the 
different changes in the atmofphere. 

The winds are more regular at fea than up- 
on land; becaufe their motion is not interrupted. 
But, upon land, the direction is frequently chan- 
ged by the interpofition of mountains, forefts, 
cities, and other obftacles. Winds are often re- 
flected from mountains with a force nearly equal 
to that of their original current: Thefe winds 
are exceedingly irregular, becaufe their direc- 
tion depends on the contour, the height, and 
the fituation of the mountains from which they 
rebound. The fea-winds alfo blow with more 
force and uniformity, and laft longer: The 
land-winds, however violent, have intermif- 
fions, and moments of repofe: But, at fea, the 
current of the air, having no obftacles to con- 
tend with, 1s uniform and perpetual. 

At fea, the eaft winds, and thofe which come 
from the Poles, are generally ftronger than the 
weft winds, and thofe that proceed from the 
Equator. But, at land, the fouth and weft winds 
are more or lefs violent, according to the differ- 
ent fituation of particular countries. During 
{pring and autumn, the winds, both at fea and 
land, are more violent than in fummer or win- 

ter, 
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ter. For this fact, feveral reafons may be affigned: 
1. In fpring and autumn the tides are higheft ; 
and, confequently, the winds they excite are 
moft violent during thefe feafons: 2. The mo- 
tion produced in the atmofphere by the action 
_ of the fun and moon, or the tides of the air, muft 
likewife be greateft about the equinoxes : 7. 
The melting of the fnows in fpring, and the 
condenfation of the vapours exhaled in fummer 
by the fun, and which fall down in the autumn 
in the form of rain, produce, or, at leaft, aug- 
ment the force of the winds: 4. The tranfition 
from heat to cold, or from cold to heat, muft. 
create confiderable augmentation and diminu- 
tion in the volume of the air, which alone is fuf- 
ficient to raife great winds. | 

Contrary currents in the atmofphere have’ of- 
ten been remarked. We fee fome clouds mo- 
ving in one direction, and others, either above 
or below them, proceeding in a direction per- 
fe&ly oppofite. This contrariety of motion ne- 
ver continues long; becaufe its general caufe is © 
the refiftance of fome large cloud, which reflects 
the wind ina direction oppolite to its natural 
courfe, but is foon diflipated. 

The winds are more violent in proportion to 
the elevation of the ground, till it arrive at the 
ordinary ftation of the clouds, which is about 
one-fourth or one-third of a league perpendi- 
cular height; and beyond this, the {ky is gene 
rally ferene, efpecially in fummer, and the wind 

eradually 
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gradually diminifhes: It is even faid to be alto- 
gether imperceptible on the tops of the higheft 
mountains. However, as the fummits of thefe 


mountains are covered with ice and fnow, it is - 


natural to think that this region"of the. air is 
agitated during the fall of the fnows, and that 
the winds are imperceptible in the fummer fea- 
fon only. The light vapours which areraifedin 
fummer fall in the form of dews; but, in winter, 
they are condenfed, and fall on the tops of the 
mountains in the form of fnow or ice, which 

may raife confiderable winds at that altitude. 
The celerity of a current of air is augmented 
when its paflage is contracted. The fame wind, 
which is but flightly felt in a large open plain, 
becomes. violent in its progrefs through a nar- 
row pafs in a mountain, or between two. high 
houfes; and it is moft violent at the tops of the 
buildings or of the mountain, becaufe the air, 
being comprefled by thefe obftacles, is augment- 
ed both in volume and denfity ; and, as its cele- 
rity remains the fame, its force or momentum 
muft be increafed. It is for this reafon that the 
wind appears to be more violent near a church 
ora tower than ata diftance from them. I 
have often remarked, that the wind refle@ed 
from a building ftanding by ifelf, is ftronger 
than the direct wind by which it was produced. 
This effe& can be owing to no other caufe than 
the compreflion of the air againft the building 
from which it rebounds, | 
As 
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As the denfity of the air is greateft at the 
furface of the earth, it is natural to conclude, 
that the wind muft there alfo be moft violent; 
and this conclufion 1s, [ apprehend, juft, when 
the fky is ferene: But, svhen it is charged with 
clouds, the action of the wind will be moft vio- 
lent at the height of the clouds, which are den- 
fer than air, as they fall in the form of rain or 
ef hail. In computing thé force of wind, there- 
fore, we ought to eftimate not only its veloci- 
ty; but likewife the denfity of the air; for two 
winds, of equal velocities, may differ greatly in 
their force, if the denfities of the air be unequal, 
From this remark, we may learn the imperfec- 
tion of thofe machines which have been em- 
ployed for meaturing the velocity of the winds. 
- Particular winds, whether they be dire@ or 
_ reflected, are more violent than thofe which are 
general. Theinterrupted a@ion of land-winds 
depends on the compreffion of the air, which 
renders every blaft more violent than if the cur- 


_ rent were uniform. À uniformly continued 


. ftream of air produces not fuch havock as the 
fury of thofe winds which blow, as it were, by 
paroxyfms. But of this we fhalltreat more fully 

in the next article. 
. The winds, in their various dire€tions, may 
be confidered under general points of view, 
from which; perhaps, fome ufeful deductions 
may be drawn. For example, the winds may 
be divided into Zones. The eaft wind, which 
extends 
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extends 25 or 30 degrees on each fide of the 
Equator, exertsits force roundthe globe within 
the Torrid Zone. The north wind blows with 
equal conftancy in both the Frigid Zones. Thus, 
the eaft wind occupies the Torrid Zone, and the 
north wind the Frigid Zones. With regard to 
the Temperate Zones, the winds peculiar to 
them may be confidered only as currents of air, 
produced by the combination of the two princi- 
pal winds, which give rife to all thofe that 
come from the eaftern points; and the weft 
winds, which are common in. the Temperate 
Zones, both in the Pacific and Atlantic Oceans, 
may be confidered as reflections from thé con- 
tinents of Afia and America, but deriving their 
origin principally from the eaft and north winds. 
Though we have faid, that, generally fpeak- 
ing, the eaft wind blows round the globe 25 or 
30 degrees on each fide the Equator; yet it 
mult be acknowledged, that, in fome places, it 
extends not fo far, and that its direction is not 
throughout from eaft to weft; for, on this fide 
of the Equator, it is eaft-north-eaft, and, beyond 
the Equator, it is eaft-fouth-eaft; and, the more 
we recede from the Equator, its direétion is the 
more oblique. The Equator is the line under 
which the direGtion of the wind from eaft to 
welt is moft exa@. In the Indian Ocean, for 
example, the general wind from eaft to weft ex- 
tends not above 15 degrees beyond the Equator. 
In going from Goa to the Cape of Good Hope, 
) this 
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this wind is not felt beyond the 12th degree of 
fouth latitude, nor is it perceptible on this fide 
of the Equator. But, after arriving at the 12th 
degree of fouth latitude, this wind continues to 
the 28th degree. In the fea which feparates A- 
frica from America, there is an interval from the 
Ath degree of north latitude to the rothor 11th 
of fouth latitude, where this general wind is not 
perceived. But, beyond the 1oth or 11th de- 
gree, it extends to the 30th. 

There are likewife many deviations in the 
trade-winds, which have an alternate motion. 
Some continue for.a longer or fhorter time ; o- 
thers havea greater or lefler extent ; others are 
more or lefs regular, and more or lefs violent. 
The following, according to Varenius, are the | 
principal phaenomena of. thefe winds: ‘ In the 
“ ocean between Africa and India, and as far as 
‘the Molucca iflands, the eaft wind commences 
‘in January, and continues to the beginning of 
‘June. Inthe month of Auguft, the weft wind 
‘ begins, and continues for three or four months. 
‘In the interval between thefe trade-winds, 
‘ which is from the end of June to the begin- 
‘ning of Auguft, the fea is infefted with violent 
‘ tempefts from the north, 

‘ Thefe winds are fubject to the greateft va- 
‘riations near the coafts: Veflels cannot take 
‘ their departure from the coaft of Malabar,and 

“ other ports on the weft coaft of the peninfula 


* of India, to Africa, Arabia, or Perfia, but from 
‘ the 
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* the month of January to April or May; for, 


‘at the end of May, and during the months of. 


‘ June, July, and Auguft, Es tempefts from 
‘the north and north-eaft are fo violent, that 
‘no fhips can keep the feas. - But,’ on the o- 
‘ther fide of this peninfula, in the fea which 
* wafhes the coaft of Coromandel, there aré no 
© tempefts of this kind. 
© Veffels depart from Java, Ceylon, and fe- 
‘ veral other places, for the Molucca’s, in Sep- 
“tember, becaufe the weft wind begins then to 
‘blow in thefe regions. However, when 15 
* degrees fouth of the Equator, this wind ceafes, 
‘and they fall in with the trade-wind, which, 
‘in this place, blows from the fouth-eaft. In 
‘ the fame manner, veflels depart from Cochin 
“for Malacca in March; becaufe, at this time, 
‘ the weft wind begins to blow. Thus the weft 
‘ winds arife at different times, in different parts 
‘ of the Indian Ocean. The times of departure 
‘are different from Java to the Molucca’s, from 
“ Cochin to Malacca, from Malacca to Chih, 
‘and from China to aa, 
* At Banda, the weft winds terminate at the 
“end of March; calm and variable winds occu- 
‘py the month of April; and the eaft winds 


‘begin with great violence in May. At Cey- À 


‘ Jon, the weft winds commence about the mid- 


“dle of March, and continue to the beginning — 


* of October, a the eaft, or rather eaft-north- 
“eaft winds, return. At Madagafcar, they have 
* north 
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‘north or north-weft winds from the middle 
“of April to the end of” May; but eaft and 
* fouth winds in February and March. From 
‘ Madagafcar to the Cape of Good Hope, the 
‘northerly winds prevail during the months of 
_ © March and April. In the gulf of Bengal, af- 
‘ter the 2oth of April, the-fouth winds blow 
‘with violence; and, before this period, the 
‘ fouth-weft and north weft winds prevail, The 
‘wefterly winds are alfo violent in the Chinefe 
‘ fea during the months of June and July. This 
‘is, therefore, the moft proper feafon for fail- 
+ Mu doc China to Japan: But, in returning 
‘ from Japan to China, February and March are 
‘ preferable, becaufe the eafterly winds then 

‘ prevail. 
There are fome winds which may be con= 
‘ fidered. as peculiar to certain coafts: For ex- 
‘ample, a fouth wind blows almoft perpetually 
* on the coafts of Chili and Peru. It begins a- 
‘ bout the 46th degree of fouth latitude, and ex- 
* tends beyond Panama, which makes the voy- 
* age from Lima to Panama more eafy ahd ex- 
‘ peditious than the return. The wefterly winds 
‘blow almoft continually on the coafts of Ma- 
‘ gellan’s land, in the neighbourhood of the 
* {traits of La Maire. Upon the Malabar coaft, 
* they have almoft conftantly north and north- 
‘ weft winds. The north wind is very frequent 
$ on the coaft of Guinea. The wefterly winds 
‘ reign 
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“reign upon the coafts of Japan during the 
‘months of November and December.’ 

The periodic, or :alternate winds, ‘mentioned 
above, are peculiar to the fea.» But, upon land, 
there are alfo periodic winds, which return at 
‘ certain feafons or particular.days, or even at 
_ ftated hours. On the coaft of Malabar, for ex- 
ample, an eafterly land-wind blows from Sep- 
tember to April: It generally- commences at 
midnight, and ends at noon; and it is not per- 
ceptible at 12 or 15. leagues from the coaft. 
From noon to midnight, there is a gentle weft- 
erly breeze from the fea. Upon the coafts of 
New Spain in America, and upon thofe of Con- 
go in Africa, land-winds blow during the night, 
and fea-winds during the day. eae blow 
from all the coafts of Jamaica during the night, 
which prevents the landing, or failing of fhips, — 
‘with fafety, before the rifing of the fun. 
~ In winter, the port of Cochin is inacceflible; 
neither can any vellel get out; becaufe the winds 
are fo impetuous, that no veflels can keep the 
fea; and, befides, the weft wind, which blows ~ 
with great fury, drives fuch a quantity of fand 
into the mouth of the river, as renders it impof- 
fible for thips of any burthen to enter it for fix 
months of the year. But the eaft wind, which 
blows during the other fix months, drives back 
the fand into'the fea, and opens the mouth of 
the river. At’ the ftraits of Babelmandel, there 
ss a fouth-eaft wind, which is’ regularly fuc- 

: ceeded 
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ceeded by the north-eaft, At Saint Domingo, 
there are two different winds that rife regu- 
larly every day; the one, which is from the fea, 
comes from the eaft, and begins at 10 o’clock 
before noon; the other, which is a land-wind, 
from the weft, rifes at 6 or 7 in the evening, 
and continues the whole night, Other faéts of 
this kind, colleéted from voyagers of knowledge 
and credit, might furnifh a complete hiftory of 
the winds, which would be a work extremely _ 
ufeful both in navigation and phyfics, | 


Vor. I. Bb PROOFS 


POUR D LS Fo 
OFTHE 
THEORY of rar EARTH. 
ARTICLE XV. 


Of Irregular Winds, Hurricanes, Water-Spouts, 
and other Phaenomena, occafioned by the agita. 
tions of the Sea, and of the Air, 


BY HE winds are more irregular on the land 

- than on the fea, and in high than in low 
countries. ‘The mountains not only change the 
direction of the winds, but even produce fome, — 
which are either conftant or variable, according 
to their caufes. The melting of fnows on the 
tops of mountains generally give rife to con- 
~ ftant winds, which laft a confiderable time. 
The vapours that ftrike againft the mountains, 
and accumulate upon them, produce variable 
winds, which are very common in all climates; 
‘and there is as great a variety in the motions of 
| | the 
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the air, as there. are inequalities on the furface 
of the earth. We can, therefore, give exam- 
ples only, anda enuine hiftory of faéts: And, as 
a connected feries of obfervations upon the va- 
tiations, of the winds, and even of the feafons, 
in, different countries, is ftill wanting, we fhall 
not attempt to explain all the caufes ae thefe Va- 
dations, but fhall. confine. | ourfelves to thofe 
which are molt probable. 

In ftraits, at-the extremities of promontories, 
peninfulas, and capes, and in all narrow bays, 
tempeftuous winds are frequent. But, indepen- 
dent.of thefe, fome feas are much more infefted 
with ftorms than others, The Indian Ocean, 
the feas. of Japan and of Magellan, along the A- 
frican coaft beyond the ety de and the oppo- 
fite.coaft near Natal, and the Red and Vermilion 
Deas, are all fubjet to tempefts,. The Atlantic 
is likewife more tempeftuous than the great o- 
cean.called the Pacific : This laft ocean, however, 
_isno where perfe@lytranquil, except between the 
Tropics; for the nearer we approach the poles, 
it is the more fubje& to variable winds, the fud- 
den changes of which produce tempefts. 

All continents are fubjeG& to the effects of va- 
riable. winds, which are fometimes very fingu- 
lar... In the kingdom of Caffimir, which is obs 
rounded with the mountains of Caucafus, a moft 
fudden reverfe of feafons is felt on Mount Pire- 
penjale. In lefs than an hour’s journey, we pafs 
from fummer to winter: A north and a fouth 
ù Bb 2 _ wind, 
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wind, according to Bernier, blow perceptibly 
ete 200 paces of each other. The pofition 
of this mountain muft be fingular; and, there- 
fore, : it merits a particular examination. In the 
peninfula of India, which is traverfed from north 
to fouth by the mountains of Gate, the extreme 
heats of fummer are felt on one fide of thefe 
mountains, and all the rigours of winter on the 
other. The fame phaenomenon takes place on 
the two oppofite coafts of Cape Rofalgate i in A- 
rabia: On the north coaft the fea is calm and 
tranquil ; while the fouth coaft is infefted with 
continual ftorms. Ceylon exhibits another ex- 
ample ( of this phaenomenon. | Winter and high 
winds reign in the north part of the ifland, 
while, on the fouth fide of it, fine weather and 
fummer heats prevail. Of oppofite feafons in 
the neighbourhood of each other, and at the 
fame time, there are feveral examples, not only 
on the continent, but on the iflands, as at Cerem, 
a long ifland near Amboyna, in the north part 
of which it is winter, and fummer in the fouth 
part and the interval between thefe two feafons 

is not above three or four leagues. 
‘In Egypt a fouth wind prevails during fummer, 
which is fo hot as to ftop refpiration ; and it 
raifes fuch immenfe quantities of fand, that the 
fy feems to be covered with thick clouds. This 
fand i is fo fine, and is blown with fuch violence, 
that it penetrates the clofeft chefts. When this 
wind continues for ge al days, it gives rife 
to 


ret 
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to epidemic difeafes, which frequently cut off 
vaft numbers of mén. It feldom rains in Egypt; 
every year, however, there are fome days of rain 
in the months of December, January, and Fé- 
bruary. But thick fogs are more frequent than 
tain, efpecially in the neighbourhood of Cairo, 
Théfe fogs commence in November, and con- 
tinue during the winter; and, through the whole 
year, even when the fley i is ane: the dews fall 
fo copioufly, that they have all the effects of 
rain. 

In Perfia, the winter comtnences in Novem- 
ber, and lafts till March. The cold is ftrong e- 
nough to produce ice; and fnows fall in the 
moutitains, and fometimes in the plains, From 
March to May, there are violent winds, which 
recal the warmth of fummer. From May to 
| September the fky is ferene, and the heats are 
moderated during the night by frefh breezes 
which continue til! morning ; and, in autumn, 
there are violent winds, like thofe which blow in 
the fpring. However, though thefe winds are 
very ftrong, they { feldom produce tempeits or 


- hurricanes. But, in fummer, a very noxious 


wind blows Hate the Perlic Guif, which is call- 
ed Samiel by the natives; it is fill hotter ard 
more terrible than that of Egypt; and, as it acts 
like an explofion of inflamed vapour, it fuffo- 
‘cates every perfor who unhappily falls within 
its vortex. A fimilar wind rifes in fammer a- 
long the Red Sea, which fuffocates animals, and 

B Là 2 trahfports 
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tranfports fuch anes of ee ‘that many 
people imagine this fea will, in the courfe 


of time, be completely filled up. Arabia gives — 


birth to frequent clouds of fand which darken 
the air, and.excite dangerous whirlwinds. At 
Vera anol when the hots winds blow from the 
north,, the He of that town are almoft bu- 
rred “iach find. Hot winds are alfo felt in fum- 
mer at Negapatan i in India, and likewife at Pe- 
tapouli and Mafulapatan. Thefe fcorching 
winds which kill men, are fortunately of no long 
duration; but they are extremely violent, and 
their heat and deleterious quality are propor- 
tioned to their velocity, which is contrary to 
the nature of other winds; for the more their 

rapidity, they are the more wholefome. and re- 
fing This difference proceeds from the de- 
gree of heat in the air. When the heat of the 
air is lefs than that of the body, the motion of 
the air is agreeable. But, when the heat of the 
air is greater than that of the bodies of animals, 
its motion fcorches and fuffocates. At Goa, the 
winter, or rather the rainy and tempeftuous fea- 
“fon, is in the months of May, June, and July, 
ane it cools and refrefhes the air, which would 
otherwife be perfectly infupportable : in that re- 
gion. 

The Cape of Good Hope i is famous for its 
| tempetts, and a peculiar cloud which produces 
them. This cloud at firft appears like a fmall 
| round {pot i in the heavens, which mariners di- 


 Binguie 
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ftinguith by the name of the Ox’s Eye. The 
feeming fmallnefs of this cloud is probably ow- 
ing to its great height. Of all voyagers who 
‘ mention this cloud, Kolbe appears to have ex- 
amined it with the greateft attention. ° This 
‘cloud,’ fays he *, which appears on the moun- 
‘tains of the Zable, or of the Devil, or of the 
* Wind, is compofed, if I am not deceived, of an 
‘infinite number of particles pufhed, in the firft 
“place, againft the mountains to the eaft of the 
“Cape, by the eaft wind“which blows in the 
* Torrid Zone during almoft the whole year. 
* Thefe particles or vapours are ftopped by the 
* high mountains, and’ are collected on their 
© eaft fide. They then become vifible in the 
‘ form of fmall fragments of clouds, which, by 

‘ the conftant action of the eaft wind, are ele- 

‘vated to the tops of the mountains.’ Here 
“they remain not long at reft ; but, being for- 
‘ced to advance, they fink down between the 

* mountains which are {till before them, where 

diene are locked up and fqueezed on all fides 

© as ina canal. The wind prefles thefe vapours 
* from above, and the oppofite fides of the two 
* mountains confine them on the right and left, 
“till, in their progrefs, they advance to thé foot 
‘ of fome mountains where the country is more 
* flat and open ; they then expand, and become 

‘again invifible. But they are foon pufhed 


‘againft another ridge of mountains by freth 
* clouds 


—* Tom. 1. p. 224. 
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‘clouds coming up behind them; and in this 
‘ manher they proceed till they arrive with vaft ~ 
‘ impetuofity at the top of the higheft: moun- 
‘tains of the Cape, which are thofe of the 
‘ Wind or.of the Table, where they are met by a 
‘wind blowing in the very oppofite diretion. 
‘ Here a dreadful confli@ enfues. The vapours 


‘ are prefled both before and behind, which pro- 


* duces terrible whirlwinds, either on the moun- 
* tains of the Zable, or in the valleys. When the 
* north-welt wind yields, that of the fouth-eaft 

‘ increafes, and continues to blow with more or 
‘ lefs violence for fix months. When the Ox’s 
‘ Eye is thick, the force of the fouth-eaft wind 
‘ augments, becaufe the vapours amafled behind 
‘the mountains continually prefs forward ; for 
‘the fame reafon, this wind diminifhes when 
‘the Ox’s Eye is thin; and it entirely ceafes 
‘when the Ox’s Eye vanithes, becaufe no va- 
‘ pours arrive from the eaft. 


“ The cireumftances attending this phaeno- 


RE abn lead to the following hypothefis ; 


1. Behind the mountain of the Table, a train - 


“ of thin white vapour is obferved, CCE com- 
‘ mences on the eaftern declivity of this moun- 


‘ tain, ends in a fharp point at the fea, and oceu- 


* pies, in its extent, the whole mountains of 
6 Stone. : 1 have often contemplated this train, 
‘ and imagined it to originate from the rapid 
* motion ie the vapour above defcribed, from 

‘the mountains of Stone to thofe of the Table. 
2, Thé 
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2. The paflage of thefe vapours muft be ex- 
“ tremely embarrafled by. the contrary. fhocks 
‘received, not only from the mountains, but 
* from the fouth and eaft winds which prevail 
- “in the neighbourhood of the Cape. I have al- 
‘ready mentioned the two mountains fituated 
“on the points of Fale bay, the one called the 
* Hanging Lip, the other the Norvege. When 
* the particles or vapours, which I have conjec= 
‘tured, are pufhed againft thefe mountains by 
‘ the eaft winds, they are repelled by the fouth 
“winds and driven againft the neighbouring 
* mountains, where they are detained for fome 
‘time, and appear like clouds, as they often do 
* upon the mountains of Fa//e bay, and even be- 
‘ yond them. Thefe clouds are frequently very 
‘thick above the land in the poffeffion of the 
* Dutch, upon the mountains of Siellenbo/ck, of 
* Drakenflein, and of Stone, but efpecially upon 
‘the mountains of the Zad/e and of the Devil, 

* Laftly, The conftant appearance of fmall 
* black clouds upon the Lion’s Head two or three 
‘days before the fouth-eaft wind blow, con- 
. ©firms me in my conjecture ; for thefe clouds, 
tin my opinion, are compofed of the particles 
‘or vapour mentioned above. If the north- 
* welt wind prevails when thefe particles arrive, 
‘their courfe is {topped ; but they are never 
‘ driven to any great diftance till the fouth-eaft 
_ “© wind commences?’ 


The 
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The navigators who firft approached the Cixe 
of Good Hope, were ignorant of the effects of 
thefe clouds, which feemed to arife flowly and 
without any agitation in the air; but which, in 
a moment, excite the moft fries tempefls, and 
precipitate the largeft veffels to the bottom of 
the ocean. In the country of Natal, a cloud, fi- 
milar to the Ox’s Eye at the Cape, produces the 
fame direful effe@s. ‘Thefe fpecies of tempefts 
are frequent in the Atlantic, efpecially in the 
neighbourhood of the Equator. Near the coaft 
of Guiney, three or four of thefe ftorms fome- 
times happen in a day, which are likewife occa- 
fioned and announced by, fmall black clouds, © 
while the reft of the fky is: generally ferene, 
and the fea perfe@lly calm. It is principally -in 
, April, May, and June, that thefe furious ftorms 
arife along the coaft of Guinéy, becaufe no re- ~ 
gular winds blow there at that feafon. On the 
_coaft of Loango, the ftormy feafon is in the 
months of January, February, March, and A- 
pril. At Cape Gardafu, on the other fide of 
Africa, they have ftorms of this kind in May, 
and the clouds which produce them are general- 
ly in the north, like thofe of the Cape of 
Good Hope. 

All thefe ftorms originate from winds which 
iffue from a cloud; and their direction is from 
north to fouth, or from north-eaft to fouth-wef, - 
&c. But there are tempefts of another kind, 
called Whirlwinds, which are ftill more violent, 
and in which the wind feems to blow from e- 
| very 
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very quarter at once. Their motion is circular, 
and nothing can relit their fury. ‘They are ge- 
nerally preceded by a dead calm; but,in'an 
inftant, the waves are elevated to the clouds by 
the fury of the winds. Some parts of the fea 
cannot be approached; becaufe they are perpe- 
tually infefted either with calms or whirlwinds. 
Thefe places have been ‘called calms and torna- 
dos by the Spaniards. The moft confideräble 
of them are near Guiney, about the 2d or 24 
degree of north latitude. They extend about 
300 or 350 leagues in length, and nearly as 
much in breadth, which includes a fpace of more 
than 106,000 fquare leagues) 4 7" 

When contrary winds arrive at the fame 
time in the fame place, they produce whirlwinds, 
by the oppoñte motion of the air, in the fame 
manner as whirlpools are produced in the fea 
by contrary currents. “But when thefe oppo- 
fite winds are counterbalanced by their diflant 
ation upon each other, they then revolve in a 
ereat circle, and praduce a perfe& calm, which 
it is impofhble for veffels to navigate. Thefe 
places are all marked in the globes of Mr Se- 
nex. | am inclined to think, that the contrariety 
‘of winds alone, if not aflifted by the direc- 
tion of the coafts, and the particular ftructure 
of the bottom of the fea in thefe places, could 
not produce this effe&. I imagine that the cur- 
rents, which are in effet. occafioned by the 
winds, but aflume their direétion from the fi- 

gure 
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gure of the coafts and the inequalities at the 


bottom, terminate in thefe places ; and that their 


oppofite motions, in a plain furrounded with a 
chain of mountains, give rife to the tornados in 
queftion. 

Whirlpools feem to be nothing elfe but cir- 
cular motions of the waters occafioned by the 
action of two or more oppofite currents, The 
Euripus, fo famed by the death of Ariftotle, al- 
ternately abforbs and rejeéts the water feven 
times every 24 hours. This whirlpool is near 


the coaft of Greece. Charybdis, which lies near ‘ 
the ftraits of Sicily, rejets and abforbs the wa= 


ter thrice in 24 hours. We are uncertain as to 
the number of alternate motions in other whirl- 
pools. Dr Placentia informs us, that the mo- 
tions of the Euripus are irregular for 18 or 19 
days every month, and regular during the other 
11; and that it feldom fwells above one, or at 
moft two feet. He farther informs us, that au- 


thors are not agreed as to the tides in the Eu- | 


ripus ; that fome fay it is twice, others feven 
times, fome 11, others 12 or 14 times in 24 
hours; but that Loirius, who examined it at- 
tentively, found that the tides rofe regularly e- 
very fix hours, and that their motion was fufh- 
cient to turn a mill- wheel. 


The largeft known whirlpool is in the fea of 


Norway, the circumference of which exceeds 
20 leagues. It abforbs, for fix hours, water, 


whales, Rips, and any thing that approaches it, 
and 
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and the next fix hours are employed in throw- 


‘ing them up'again. 


To account for thefe whirlpools, it is unne= 
cefary to have recourfe to an abyfs, or to pits in 
the bottom of the fea, which are perpetually 
{wallowing the waters. It is well known, that, 


when water runs in two directions, the combie | 


nation of thefe motions produces a whirling, and | 
exhibits the appearance of a void {pace in the 
middle. In the fame manner, whirlpools in the 
{fea are occafioned by two or more contrary cur- 
rents ; and, as the tides are the principal caufe of 
currents, and, of courfe, they run for fix hours 
in contrary direétions, it is not furprifing, that 
the whirlpools which are produced by them fhould 
alternately reje& and abforb every thing within 
their reach during the fame portion of time, 
“Whirlpools, then, are occafioned by contrary 
currents, and whirlwinds by the confit of 
contrary winds. : Thefe whirlwinds are com- 
mon in the Chinefe and Japanefe feas, near the 
Antilles, and in many other places of the ocean, 
particularly in the neighbourhood of siaralignt 
coafts. But they are ftill more frequent upon 
land ; and their effects are fareptitods prodigious. 
‘ | have feen,’ fays Bellarmin *, ‘ an enormous 


ditch fcooped out by the vind tranfported in 


‘the air, and dropped upon a village, which was 
‘ for ever buried under this load of earth. A 
detail of the effects of feveral hupicanes may be 

. feen 
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feen in the hiftoty of the French Academy, and, 


in the Philofophical Tranfactions, which would 
appear altogether.iniconceivable, if they were not 
attefted by intelligent-and credible.fpectators, .. 
The fame obfervation may be made,with re+ 
gard to water-fpouts, which the-mariner never 
beholds without terror and amazement. . They 
are common on ‘certain coafts of the Mediter- 
ranean, ‘efpecially when the; weather is cloudy, 
and the wind:blows from feveral quarters.at'the 
fame time. = They are more. frequent-near. the 
coafts of Laodicea; of Grecgo, and of Carmel, 
than in any other. part of the Mediterranean. 
Moft.of them are large cylinders of water which 
fall from the clouds, though, at»a diftance, the 
water’ appears to’ vate up from the fea to the 
clouds *. : | 
But there are two fpecies of water-fpouts ; 
the firft is that we have juft mentioned, and is 
nothing but a thick cloud compreffed,; and: {ur- 
rounded by oppofite winds blowing from -dif- 
ferent quarters at the fame time, which make it 
affume a cylindric figure, and fall down by its 
Own gravity. The quantity of water is fo'im- 
meénfe, and the'rapidity of the fall forgreat, that 
_if, unfortunately, one’ of thefefpouts break up- 


on a fhip, it is dafhed to pieces, andfmksin an M 


inftant. It is alledged, and with probability, 
that water fpouts may be broken and ‘diflipated 
by the commotion excited. in the air by the 

ca 


* See Shaw’s travels. 
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fring of cannons, which correlponds with the 
diffipation of thunder-clouds bY the ringing of 
-bells. | 

The other fpecies of water-fpout iS called a 
iyphon, and is very frequent in the Chinefe Sea. 
The typhon defcends not from the clouds, nor 
sit produced by the action of oppofite winds. 
On the contrary,’ it rifes from the water to the 
heavens with amazing rapidity. Whirlwinds 
often, run along :confiderable tracts, bearing 
down houfes, trees, and every obftacle that they 
meet with, But typhons remain always in the 
fame places, and can be owing to nothing but 
fübterranéous fires’; for the fea is then in’the 
gréatelt agitation, aa the air is fo impregnated 
with fulphureous exhalations, that the fky ap- 
“pears to be covered with a copper-coloured cruft, 
although there be no clouds, and the fun or the 
Stars appear through the vapour, It is to thefe 
fubterranean fires that we muft afcribe the 
warmth of the Chinefe Sea i in winter, where 
thefe typhons are very frequent *. 
_.'Fhevenot, in his voyage to the eaft, gives 
the following account of water-fpouts : ‘ We faw 
“ water-fpouts in the Perfic gulf, between the 
‘ iflands of Quefomo, Lareca, and Ormutz. Few 
‘ have had the opportunity of obferving, and 
‘ fewer ftill have paid the attention to water- 
{pouts, that I have done, I fhall defcribe them 

with 
* See Ada ee Lipf. fupplem. tom. 1, ps 405. 
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‘with perfpicuity and fimplicity, in order to 
‘render my account the more intelligible. 


© The firft that we faw, was on the north fide’ 


‘ between us and the ifland of Quefmo, about 
‘a gun-fhot from our fhip. . In this place, we 
‘ faw the water begin to boil, and to be raifed 
© about a foot above the furface : It was whitifh, 
“and the top of it appeared like black fmoke : 
‘Jt made a kind of whifpering noife, like a tor- 


© rent rufhing down with violence into a deep 


‘valley. This noife was mingled with another — 


*-that refembled the hiffing of ferpents. A little 


‘afterwards, we faw an obfcure canal or pipe, ! 


‘which refembled fmoke rifing to the clouds, 
‘ and revolved with confiderable velocity : This 


de 


* pipe was about the fize of a man’s finger; and — 


‘ the fame noife continued. It then vanifhed, 


‘ having continued in all about a quarter of an « 


‘hour. We then perceived another on the 


*fouth, which began in the fame manner as the M 
* former : Immediately a third fprung up to thé À 


‘ welt, and then a fourth likewife to the welt ; 


* the moftdiftant from us not exceeding a meats ‘ 
“fhot. Each of them appeared like heaps of 
‘ fmoking ftraw, and were accompanied with « 
‘ the fame noife as the firft. We next percei- © 


€ 
€ 
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* pet, or like the paps of an animal drawn per- 4 
ay endicularly downward by a weight. Thefe M 


‘pipe # 


ved three pipes, or canals, extending from thé — 
water to the clouds, where each of them ter- — 


minated like the mouth of a funnel or trum- 4 


j 
? 
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‘ pipes were of a dark white colour, which I 
‘imagined to be owing to the water they con- 
“tained ; for the pipes appeared to be formed 
‘ before they were filled with the water, and 
‘they difappeared when they were empty; ih 
* the fame manner as a cylinder of clear glafs, 
“when held up in the light at a diftance from 
* the eye, is not vifible, unlefs it be filled with 
_‘fome coloured liquor, Thefe pipes were not - 
‘ ftraight, but bent in fome places : They were 
* not even perpendicular; on the contrary, from — 
“the clouds into which they were ingrafted, to 
* the places from which they extracted the wa- 
‘ter, they were very much inclined. And, 
* what is fingular, the cloud to which the fecond 
“ of the three was attached, having been pufhed 
‘forward by the wind, the pipe followed it 
* without breaking, or quitting its flation in the | 
* water; and, pafling behind the pipe of the firft, 
‘ they remained for fome time in the form of a 
* St Andrew’s crofs. At firit, none of the three 
* exceeded an inch in thicknefs, except where 
‘ they joined the cloud: But the one that ap- 
‘ peared firft, {welled afterwards confiderably, 
* The other two continued not longer than the 
- “one we had feen to the north, The fecond, 
‘on the fouth, lafted about a quarter of an 
* hour; but the firft, on the fame fide of the 
* veflel, continued longer, and gave us fome un- 
‘ eafinefs. Concerning it, therefore, we have fill 
‘ farther to remark, that, although it originally 
Vo, I. Cg ve owpae 
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* was not larger than a man’s finger, it gradually 
* {welled tothe fize of an arm, then to that of a 
“leg, and, /afly, to that of the trunk of a tree as 
‘ gid as a man could encompafs with both his 
‘arms. We faw the water rifing diftin@ly 
‘ through this tranfparent body, which was of a 
‘ ferpentine form; andit fometimes diminifhed in 
* thicknefs both above and below. It now ex- 
“actly refembled a foft tube filled with water, 
‘and preffed with the fingers, either above to 
* make the fluid defcend, or below to make it 
‘ afcend; and I was fatisfied that thefe variations 
© were occafioned by the wind, which, when it 
‘ preffed the canal above, caufed the water to de- 
‘ fcend, and when the preflure was lower down 
‘made the water afcend. After this, it dimi- 
‘ nifhed to the fize of a man’s arm; then it {wel- 
“led to the fize of a thigh; then became ex- 
‘ ceedingly fmall; /afly, I perceived that the 
‘ water elevated from the furface began to fink, 
‘and the end of the canal feparated from it; 
“ when a variation of the light removed it from 
‘my view. I ftill, however, continued to look 
€ for it, becaufe I had remarked, that the canal 
“of the fecond fpout appeared to break in the 
‘ middle, and to reunite a little afterwards, one 
* half of it having been concealed by the light; 
© but this laft never more appeared. 
‘Thefe fpouts are exceedingly dangerous at 
* fea; for, when they fall upon a veffel, they 
‘ mingle fo with the fails, that they foinetimes 
‘rail a 
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“raife the veffel up, and let it fall back again 
* with fuch violence as to fink it. But, although 
‘they fhould not raife the fhip, they tear the 
‘ fails, or let the whole water they contain fall 
‘upon the veffel, which precipitates it to the 
“bottom. It is not improbable, that many vef- 
‘ fels, of which we never have any accounts, 
* perifh by fuch accidents; for there are few 
‘examples of our ever learning with certainty 
* of fhips being loft in this manner.’ 

The above account of water-fpouts feems to 
have proceeded from feveral optical illufions. 
But I have related the faéts verbatim, that they 
may either be confirmed, or at leaft compared 
with thofe of other navigators. M. Gentil, in his 
voyage round the world, defcribes water-fpouts 
in the following manner: ‘ At eleven o’clock, 
“before noon, the fky being cloudy, we faw 
* round our fhip, at the diftance of about a quar- 
* ter of a league, fix water-fpouts, which began 
‘with a noife like that of water running below 
‘ sround,and gradually increafed till it refembled 
* the hifling noife occafioned by a high wind a- 
* mong the ropes of a fhip. We firft perceived 
* that the fea began to boil; and its furface rofe 
* about a foot and a half; the top of this ele- 
‘vated part was covered with a thick fog, or 
‘ rather fmoke, which formed itfelf into a canal, 
‘and mounted to the clouds, Thefe canals 
‘bended according as the wind carried the 
“clouds to which they were attached, Not- 

Cc2 | * withflanding — 
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‘ withftanding the motion communicated to the 
‘ clouds by the wind, the canals not only ad- 
‘“hered to them, but feemed to ftretch out, or 
* contract, in proportion as the clouds rofe high- 
“er, or funk down in the atmofphere. 
‘ Thefe appearances gave us much uneafinefs ; 
* and our failors, inftead of encouraging each o- 
‘ther, increafed their fears by dreadful ftories. 
“If thefe fpouts, faid they, fall upon the fhip, 
“they will lift her up, and then plunge her to 
‘the bottom. Others maintained, with a deci- 


‘ five tone, that they would not lift the veffel ; 


‘ but that, being full of water, if the {hip went 
* forward, fhe would break their communication 
‘ with the fea, and that the great body of water, 
* by falling perpendicularly on the veflel, would 
* break her in pieces. 


‘To prevent this misfortune, they lowered 


“the fails, and charged the cannon. It is a ge- 
‘ neral opinion among failors, that the firing of 
‘ cannon, by agitating the air, burfts and difper- 


‘fes water-fpouts. But we were not under the © 


‘neceflity of having recourfe to this expedient; 
‘for, after courfing round the fhip for about 


‘ten minutes, fome being about a quarter of a. 


‘jeague from us, and others nearer, the canals 


‘became gradually narrower, detached them-. 
© felves from the furface of the fea, and then 


‘entirely: vanithed Bl 


* "Toms xi p.701. 
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* From the defcription of thefe two voyagers, 
it appears, that water-fpouts are produced, at 
leaft in part, by the a@ion of fire or fmoke, 
_ which rifes with violence from the bottom of the 
fea ; and that they are very different from thofe 
which are occafioned by oppofite winds: ‘ The 
“ water-fpouts,’ fays Mr Shaw*,. © which I had 
“ the opportunity of feeing, feemed to be fo ma- 
“ny cylinders of water falling down from the 
* clouds ; though, by the reflection, it may be 
* of thofe defcending columns, or from the ac- 
* tual dropping of the water contained in them, 
“they would fometimes appear, efpecially ‘at a 
* diftance, to be fucked up from the fea, Nothing 
more, perhaps, is required to explain this phae- 
nomenon, than that the clouds fhould be firft 
of all crouded together, and then, that contrary 
“winds, preffing violently upon them, fhould 
* occafion them to condenfe, and fall in this cy~ 
* liridrical manner.’ 

Many faéts remain ftill to be known before thefe 
phaenomena can be properly explained. To me 
it appears, that, if there be, in particular places, 
at the bottom of the fea, a mixture of fulphur, 
bitumen, and mineral fubftances, thefe-may oc- 
cafionally be inflamed, which will produce, like 
the explofion of gun-powder, a great quantity 
of air; ‘and that this air newly generated, and 
rarefied to'a prodigious degree, mounts with ra- 
pidity, and may elevate the water from the fea 
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to the clouds. In the fame manner, if a perpen- 
dicular current of air be produced by the explo- 
fion of fulphureous matter in a cloud, the whole 
of its water may follow this current, and give 
rife to a water-fpout from the clouds to the fea. 
But, it muft be acknowledged, that this account. 
of the laft fpecies of fpout is not more fatisfac- 
tory than that which we have given of thofe 
produced by contrary winds; for, it may be afk- 
ed, why thofe fpouts, which originate from the 
clouds, are not as common on land as upon the 
fea? 

The hiftorian of the academy for the year : 
1727, mentions a land :water-fpout that ap- 
peared at Gapeftan near Beziers. It defcended 
from a cloud like a black pillar, which gradually 
diminifhed, and ended in a point upon the fur- _ 
face of the earth. It followed the direction of © 
the wind, which was wefterly; it was attended 
with a thick fmoke, and made a noife like the 
fea when greatly agitated, It tore np trees by . 
the roots, and marked its way on the earth by 
a large tra@ in which three carriages might have 
pafled each other. Another pillar of the fame 
kind appeared, but it foon joined the firft; and, 
when the whole was diffipated, there fell a great 
quantity of hail. 

This fpecies of water-{pout appears to be dif- 
ferent fromthe other two. It is not faid to have 
contained water; and it feems, both from what 
I have mentioned, and by M. Andoque’s expli- — 
: cation — 
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cation of it to the academy, to have been only 
a hurricane rendered vifible by the duft and con- 
denfed vapour which it contained. The fame 
hiftorian, for the year 1741, mentions a water- 
{pout which was feen upon the lake of Geneva, 
It was of a cylindrical figure, the upper part of 
which ended in a black cloud, and the under 
part of it was narrow, and terminated near the 
furface of the water. This meteor continued 
only a few minutes; and, at the moment of its 
diffipation, a thick vapour afcended from the 
place where it firft appeared; the water of the 
lake boiled, and feemed to make an effort to rife 
into the air, which was very calm the whole 
time; neither was this fpout followed either by 
wind or rain.* After all our knowledge of water- 
‘ {pouts,’ fays the hiftorian, ‘ does not this prove 
‘ that they are not produced by the confli@ of 
‘ oppofite winds alone, but that they almoft al- 
‘ ways originate from volcano’s or fubterrane- 
‘ ous vapours, which are known to exift at the 
‘bottom of the fea, as well as upon land? Whirl- 
* winds and hurricanes, therefore, which are ge- 
* nerally believed to be the caufe of thefe appear- 
“ances, may be only an effeét or an accidental 
* confequence of them.’ 
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se Of Paleands and Hartbguakes : 


HE bowels of thofe iieRiaes HOUSE e 
called volcano’s contain fulphur, bitumen, 

and other inflammable materials, the effects of 
which are more violent than thofe of thunder 
or of gunpowder ; and they have, in all ages, 
aftonifhed mankind, and defolated the earth. A 
volcano is an immenfe cannon, with an aperture 
often more than half a league in circumference. 
From this vaft mouth are projected torrents of 
fmoke and of flames, rivers of bitumen, of ful- 
phur, and of melted etale; clouds of afhes and 
ftones; and fometimes it ejects, to the diftance 
of feveral leagues, rocks fo enormous, that they 
could not be moved by any combination of hu- 
| man 
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man force. The conflagration is fo dreadful, 
and the quantities of burning, calcined, abe 
and vitrified fubftances thrown out by the moun- 
tain, are fo great, that they bury whole ‘towns 
and forefts, cover the plains to the thicknefs 
of a hundred or two hundred feet, and fome- 
times form hills and mountains, which are only 
portions of thefe matters heaped up and com- 
pacted into one mafs. The action of the fire and’ 
the force of the explofions are fo violent; ‘that 
they produce, by reaction, fuccuffions,: which 
fhake the earth, agitate the fea, overturn moun- 
tains, and deftroy towns and buildings of the 
moft folid materials, | | 

“Thefe effets, though natural, have been re- 
garded as prodigies ; and, though we often be- 
hold, in miniature, effeéts inner to thofe of vol- 
cano’s; yet grandeur, from whatever fource it. 
proceeds, has fuch an aftonifhing influence up 
on the imagination, that it is not furprifing they 
fhould have been confidered by fome authors as 
vents to a central fire, and, by the vulgar, as 
mouths of hell. Aftonifhment produces fear, 
and fear is the fource of fuperftition. ‘The in- 
habitants of Iceland believe that the groanings 
of their volcano are the cries of the damned, 
and that its eruptions are occafioned by the dee 
fperation and ungovernable fury of devils and 
tormented fpirits. 

All thefe phaenomena, however, are only | the 
effects of fire and of fmoke. In the bowels of 
+ | mountains, 
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mountains, there are veins of fulphur, bitumen, 
and other inflammable fubftances, together with. 
vaft quantities of pyrites, which ferment when 
expofed to the. air or moifture, and produce 
explofions proportioned to the quantity, of in- 
flammable matter. This is. the true idea of a 
volcano : 3; and it is eafy for the naturalift to imi- 
tate the operation of :thefe fubterraneous fires. 
A mixture of fulphur, of flings: of iron, and of 
water,. buried at a certain depth below the 
ground, will exhibit, in miniature, all the ap- 
pearances of a volcano: This mixture foon fer- 
ments to a degree of inflammation, throws off 
the earth and ftones which cover it, and produces 
explofions every way fimilar to thofe of burn- 
ing mountains, | 
The moft famous volcano’s in Europe are 
thofe of Mount Ætna in Sicily, of Mount Hecla 
in Iceland, and of Mount Vefuvius, near Naples 
in Italy. The burning of Mount Ætna is more 
ancient than the records of hiftory. ts erup- 
tions are extremely violent ;. and the quantity 
of matter it throws out is fo enormous, that, af- 
ter digging 68 feet deep, marble pavements, and 
other veftiges of an ancient city, have been 
found covered with this amazing load of ejected 
matter, in the fame manner as the town of Her- 
culaneum has been buried with the matter thrown 
out from Mount Vefuvius. New mouths, or 
craters, were opened in Ætna in the years 1650, 
1669, and at other times: The fmoke and 
flames 
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Hames of this volcano are feen as far as Malta, 
a diftance of 60 leagues: It fends forth a perpe- 
tual fmoke, and, at particular times, it throws 
out, with aftonifhing - violence, flames, lava, 
huge ftones, and matter of every kind. An e- 
ruption of this volcano, in the year 1537, pro- 
duced an earthquake over, the whole ifland of 
Sicily, which lafted 12 days, and overthrew an 
immenfe number of houfes and public buildings. 
It terminated by the burfting of a new mouth, 
the lava of which burnt up every thing sishin 
five leagues of the mountain. It difcharged 
afhes fo abundantly, and with fuch force, that 
they reached the coaft of Italy, and incommoded 
veflels at great diftances from the ifland. © This 
volcano has, at prefent, two principal craters, 
one of which is narrower than the other.’ They 
both {moke perpetually ; but flames only appear 
during the time of eruptions. Large ftones, it is 
faid, have been projected from them to the di- 
{tance of 60,000 paces, — 

A violent eruption, in 1683, EUR a 
dreadful earthquake in Sicily. It laid the whole 
city of Catanea in ruins, and deftroyed more than 
60,000 of its inhabitants, befide thofe who 
perifhed in the neighbouring towns and villages. 

Hecla. darts its fires through the fnows and 
ice of a frozen climate. Its eruptions, how- 
ever, are equally violent with thofe of tna, 
and other volcano’s in the more fouthern regions. 
It throws out afhes, lava, pumice-ftones, and 

: fometimes 
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fometimes boiling water. The whole ifland of 
Iceland abounds in fulphur; but it is not habi- 
table within lefs than fix leagues of the volcano, 
The hiftory of its moft violent eruptions is re- 
corded in a book writen by Dithmar Bleffken. : 

According to hiftorians, the burning of Mount 
Vefuvius began not Berre the feventh confulaté 
of Titus Vefpañfan and Flavius Domitian. The 
top of the mountain then opened, and at firft 
threw: out {tones and rocks. Thefe were fuc- 
ceeded by flames and lava which burnt up 
two neighbouring: cities, and volumes of fmoke 
fo thick as to darkén the light of the fun. The 
elder Pliny, ftimulated by curiofity, approached 
too near the ‘mountain, and was fuffocated by 
its: fulphureous {teams *, Dion Caffius relates, 
that this eruption was fo violent, that afhes and 
fulphureous fteams were | tratiported as far as 
‘Rome, and:acrofs the Meditetranean into Africa 
and Egypt. :Heracleà was one of the cities that 
were overwhelmed by the matter eje@ed from 
the mountain: It has lately been difcovered.60 
feet under the furface of the ground, which, in 


the courfe of time, had become ‘arable, and fit 


forvevery kind of'culture. : The chiftory of the 
difcovery of Heraclea‘is'in the hands of the pu- 
bic... We have only to:with, that fome perfon, 
{killed in the knowledge of nature, would exa- 
miné with attention'the different materials which 
al thefe, 6b:feet of earth, al remark their 
MIE ; ” 39! if LUC PEU is 29 dis  ituation, 
B® See Play the younger’s letter to Lu 
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fituation, the alterations they have undergone, : 
the direction they have followed, the hardnefs 
they have acquired, &c. 

‘Naples appears to be fituated upon a vault, 
filled with burning minerals; for Vefuvius and 


Solfatara feem to have fubterraneous communi- 


cations. When Vefuvius throws out lava; Sol- 
fatara emits flames; and, when the eruptions of 
the former ceafe, the Sr of the latter is 
likewife extinguifhed. The city of Naples is 
nearly in the centre between them. 

One of the laft and moft dreadful eruptions 
of Vefuvius happened in the year 1737 *. The 
mountain difcharged, from feveral mouths, im- 
menfe torrents of melted matter, which fpread 
over the fields, and terminated in the fea. M. 
de Montealegre, who communicated this account 
of it to the Academy of Sciences, obferved, with 


horror, one of thefe rivers of fire, which, from 


its fource to the fea, was about 7 miles in length, 
50 or 60 paces broad, from 25 to 30 palms 
deep, and in the valleys 120 palms. The running 
matter refembled foam, or the drofs which iffues 
from a furnace tT, &c. 

In Afia, and particularly in the iflands of the 
Indian ocean, volcano’s are numerous, One of 
the moft famous is Mount Albours, near Mount 
Taurus, about 8 eerie m Herat. The top 

of 


_* This volume was publithed i in the year 1749. Several 
eruptions have happened fince that time. See Hamilton’s 
hiftory of Vefuvius. | 

+ See l’hift. de l’Acad. année, 1737, p. 7. 
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of this mountain fends forth a perpetual fmoke ; 
and it frequently throws out flames arid burning 
matter, in fuch quantities as to cover all the ad- 
jacent plains with afhes. In the ifland of Ter- 
nate, there is a volcano which difcharges matter 
fimilar to pumice-ftones. Some voyagers al- 
ledge, that this volcano’ is moft furious during 
the equinoxes, becaufe thefe periods are attended 
with certain winds which increafe the inflam- 
mation of thofe fires that have continued to 
burn for ages *. The ifland of Ternate is not 
above 7 leagues round, and is only the top of a 
large mountain. The land rifes from the coaft 
to the middle of the ifland, where the volcano 
mounts to a height fo great, that it is difficult to 
climb to its top. Several rills of fweet water 
defcend from the fides of the mountain; and, 
when the air is calm, and the weather fine, this 
burning gulf is lefs agitated than during ftorms 
and high winds f. This is aconfirmationof what 
I formerly remarked, and feems to prove, that 
the fire of volcano’s proceeds not from a great 
depth, but from the top or higher parts of the 
_ mountain ; for, if it were otherwife, high winds 
could not increafe the violence of the flames. 
Thereare other volcano’sinthe Moluccaiflands. 
In one of the iflands of Mauritius, about 70 
leagues from the Moluccas, there is a volcano, © 
the effects of which are equally violent as thofe 
: | of 
* See voyages d’Argenfola, tom. 1. p. 21. 
Tt See Voyage de Schouten. 
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of the mountain in Ternate. The ifland of 
Sorca, one of the Moluccas, was formerly inha- 
bited. In the middle of this ifland there is a 
very high mountain, with a volcano at its fum- 
mit. In 1693; this volcano difcharged an im- 
menfe quantity of bitumen, and inflamed mat- 
ter, which, after forming a burning lake, gradu= 

ally extended till it covered the whole ifland *. 
There are feveral volcano’s in Japan, and the 
adjacent iflands, which fend out flames in the 
night, and fmoke in the day. In the Philippine 
iflands, there are likewife feveral burning moun- 
tains. One of the moft remarkable, and, at the 
fame time, the moft recent volcano in the Indian 
iflands, is that near the town of Panarucan in the 
ifland of Java, It commenced in the year 1586, 
and, at the firft eruption, it threw out immenfe 
quantities of fulphur, bitumen, and ftones. The 
fame year, Mount Gounapi, in the ifland of 
Banda, which had been a volcano about 17 
years only, opened and ej efted, with a dreadful _ 
noife, rocks and matter of every kind, There 
are ftill other volcano’s in India, as in Sumatra, 
and in the north of Afia, beyond the river Je- 
nifcea, and the river Pefida: But the two laft 

are little known. | 
Near Fez in Africa, there is a mountain, or 
rather a cavern, called Beni-guazeval, which 
conftantly throws out fmoke, and fometimes 
flame. One of the Cape de Verd iflands, called 
3 the 

* See Phil. ‘Tranf, Abridg. vol. 2. p. 391. 
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the ifland of Fuogo, is nothing but a huge 
mountain which burns inceflantly. This vol- 
cano throws out ftones and afhes; and the Por- 


tuguefe, who often attempted to inhabit the 


ifland, have always abandoned the project, on 
account of the volcano. The Peak of Teneriff, 
which is reckoned one of the higheft mountains 
in the world, throws out fire, afhes, and large 
ftones. From the top of it, rivulets of melted 
fulphur run down the fouth fide acrofs the fnows. 
This fulphur foon condenfes, and forms veins in 
the fnow, which are penta at great di- 
ftances. 

America, and particularly the mountains of 


Mexico and Peru, are much infefted with vol- . 


cano’s: That of hah Re is one of the moft ce- 
lebrated : It often produces great earthquakes, 
which are more frequent in Peru than in any 
country of the world. Next to Arequipa, the 
volcano’s of Carrapa and Malahallo are, accor- 
ding to the relation of travellers, the moft con- 
 fiderable. But there are many others in the 
new world of which we have no knowledge. 


M. Bouguer, in his voyage to Peru, publifhed in 


the Memoirs of the Academy for the year 1744, 


mentions two volcano’s, the one called Cotopaxi, “ 
and the other Pzchincha. : The firft is at fome ~ 
diftance from, and the other very near, the town 
of Quito. In the year 1742, he faw an erup-— 
tion of Cotopaxi, which, at that time, burfw 


open a new mouth in che mountain. It did no 
other 


ee 
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other damage than that of melting the fnow; 

‘and producing fuch torrents, as, in three hours; 
laid the whole country, to the extent of 18 
Jeagues, under water, and overturned every 
thing in their courfe, 

Popochampeche and Popocatapec are the 
chief volcano’s in Mexico. It was near this laft 
that Cortes paffed in his way to the city of 
Mexico : Some of the Spaniards afcended to the 
top of the mountain, where they found the cra- 
‘ter to be about half a league in circuinference; 
Sulphureous mountains have alfo been found in 
Guadaloupe, Tercera, and in others of the A: 
ore iflands; and, if all thé mountains from 
which {moke or flames iflue were to be con{i- 
dered as volcano’s, their number would exceed 
6o. We have only mentioned thofe which are 
fo formidable as, by their frequent eruptions, ta 
prevent people from living near them. À 
_ The numerous volcano’s in the Cordeliérs, 
as I formerly remarked, produce almoit perpe- 
tual earthquakes, which prevent the inhabitants 
from building with ftone any higher. than the 
firit floor ; and the upper part of their houfes, 
for the fame reafon, are conftru@ed with ruthes 
or very light wood, In theié mountains there 
are alfo many precipices and large eulfs, the 
walls of which are black and burnt: They, aré 
fimilar to the precipice of Mount Aratat in Ar- 
menia, called the Abys, and are the craters of 
extinguifhed volcano’s. | 
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A late earthquake at Lima was attended with 


the moft dreadful effets. The town of Lima, q 
‘and the’ port of Callao,’ were almott entirely 


fwallowed up. But the iter was fill more 
terrible at Callao. The fea rofe and covered 


every houfe in ‘that: infortunate town, and — 


drowned the whole inhabitants, leaving only a 


fingle tour as a monument of its devattations. 


Of 25 veflels which lay in the ‘harbour, four 


were driven. a league upon. ‘land, and the reft 


were fwallowed up by the waves.” Of Lima, 
which was a very large city; only 27 houfes re- 
mained ftanding. Multitudes of people perifhed ; 
and the difafter was particularly fatal to the 
monks and! other religious, becaufe their buil- 
dings were lofty and of more folid materials 
than the common houfes. This calamity hap- 
pened inthe month of Oétober 1746, during the 
night; and the fuccuffion lafted 15 minutes. 

Near the port. of Pifca, in Peru, there was 
-. formerly a famous city, fituated on the fea- 
coaft; but, on the 19th of Oëtober ‘1682, it 
was almoft entirely deftroyed by an earth- 
_ quake ; for the fea, having exceeded its ufual li- 
mits, fweeped away this unfortunate city, with 
all its inhabitants. | | 

By confulting hiftorians ee travellers} we 


fhall find many account of earthquakes, and 1 


eruptions of volcano’s, equally dreadful and 
deftrudtive as thofe we have mentioned. Pefi- 


j. | 7 donius, 
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donius, quoted by ‘Strabo *, relates, that a city 
_ of Phoenicia, near Sidon, was fwallowed up 
_ by an earthquake, with the neighbouring ter- 
ritory, and two thirds of Sidon itfelf; that 
this effect was not produced fo fuddenly as to 
prevent the inhabitants from efcaping by flight ; 
that it extended over. moft of Syria, and as far 
as the Cyclades iflands and Euboea, where the 
__ fountains of Arethufa fuddenly ftopped, and ap- 
peared a few days afterwards by new fources at 
a confiderable diftance from the old ; and that 
the earthquake continued to fhake the ifland 
fometimes in one place, and fometimes in ano- 
‘ther, till the earth opened in the valley of Le- 
panta, and difcharged a great quantity of burn= 
ing matter, Pliny informs us +, that, in the 
reign of Tiberius, twelve cities in Afia were o- 
verturned ; and he mentions f, inthe following 
terms, a prodigy occafioned by.a violent earth- 
quake. : * Factum eft. femel (quod equidem in 
* Etrufcae difciplinae voluminibus inveni) ingens 
“terrarum portentum, Lucio Marco, Sex. Ju 
“lio Goff: in agro Mutinenfi.. Namque mon- 
‘ tes duo! inter fe concurrerunt, crepitu maxis 
, * mo adfultantes recèdentefque, intor eos flam 
“ma, fumoque in coelum exeunte interdiu, {pecs 
“tante €: via Æmilia magna équitum Romano- 
frum familiarumque , ct viatorum multitudine. 
© Eo concurfu villae omnes elifae, animalia per- 
‘ multa, quae intra fuerunt, exanimata : funt,’ 
D d 2 | &c. 
* Lib. 14 f Lib. ives 84: [rf Lib, 2. Co $3.7 
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&c. St Auguftin tells us *, that, in Lybia, 106 
towns were deftroyed by an earthquake. In 
the time of Trajan, the earth opened and de- 


voured the city of Antioch, and a great part. of 


the adjacent country. It was again deftroyed 
by the fame caufe during the reign of Juftinian 


in the year 528, and 40,000 of its inhabitants — 


perithed, It was vifited with a third earthquake 
in the days of St Gregory, fixty years after the 


former, which deftroyed no lefs than 60,000 of 


its inhabitants. In the reign of Saladin, anno 
1182, moft of the cities of Syria and of Judea 
were laid wafte by the fame calamity, Earth- 


quakes have been more frequent in Apulia and 


Calabria than in any other part of Europe. In 
the time of Pope Pius LE. all the churches and 
palaces of Naples were thrown down, and about 


30,000 lives were loft: Thofe who eicaped were 


obliged to live in tents till houfes were built for 


them. In.1629, 7000 perfons perifhed in A- — 


pulia by earthquakes; and, in 1638, the city 
of Saint Euphemia ‘was fwallowed up, and left 


behind it nothing but a ftinking lake : At the | 


fame time, Raguia and omyrna were eae oz 


tally deftroyed. In 1692, an earthquake was 


felt in Britain, Holland, Flanders,) Germany, 


and France : It-was moft fevere along the coafts — 


of the fea, and near great rivers. It agitated at _ 
leaft 2600 fquare leagues, though it lafted but 


two minutes. ‘he commotion was greater ur 


pee L EUR the 


* Lib. 2. de miraculis, c. 3. 
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the mountains than in the Salieys **- On the 
roth of July 1688, there was an earthquake at 
Smyrna, which sion with a motion from weft 
to eaft. The caftle was firft overturned; its 
four walls feparated from each other, and funk 
fix feet in the fea. This caftle ee formerly 
on an ifthmus, which is now a real ifland, ARTE 
100 paces pus the land. The eaft and welt 
walls fell ; but the north and fouth walls fill re 
main. The city, which is near ten miles from 
the caftle, was overthrown foon after. The 
earth opened in many places, attended with fub- 
terrancous noïles ; and five or fix dreadful thocks 
‘were felt before he approach of night, the laft 
of which lafted about half a minute. The 
fhips in the roads were greatly agitated; the 
ground on which the town ftood funk two feet ; 
and not above a fourth of the houfes withftood - 
the concuffion, and thofe were moftiy founded 
on rock, Boa fifteen to twenty thonfand lives 
were loft f. In 1695, an earthquake was felt 
at Bologna in Italy ; and it was remarked, as a 
; Aine phaenomenon, that the fea was much 
troubled the day preceding T. 
* On the 4th of May 1614, a terrible earth- 
‘ quake happened at Tercera, which, befide 
‘ privates houfes, overturned eleven’ ca ches 
* and nine chapels in the city of Angra; and : 
‘the city of TE was fo much fhaken, that 
* hardly 


.* See Ray’s difcourfes, p. 272. + See hi. de Vacad. 
Ges fciences, année 1688. + Ibid. année 1696. « 
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“hardly a Wee was left flanding : ha on 
‘the 1çth of June 1628, the ifland of St Mi- 


‘ chael was vilited with a great earthquake, 


‘Near this ifland, in the open fea, there a- 


rofe a new 1fland in a place where the water 
‘ was 150 fathoms deep. This ifland was more 
‘than a league and a half long, and above fix 
‘ fathoms high *; É 
In the ifland of St Michael, another ceri 
‘ quake began on the 26th of July 1691, and 
‘ continued to the 12th of the following month. 
‘ Tercera and Fayal were fhaken next day with 
‘ fuch violence, that they feemed to turn about. 
‘'Thefe concuffions, however, were repeated | 
‘there only four! times: But, at St Michael, ! 
ee | ceafed not a moment during the fpace 
of-eleven days. The iflanders abandoned their 
6 houfes, which every where tumbled down be- 
‘ fore their eyes, and remained the whole time 
‘in the: open fields, expofed to the injuries of 
‘the weather. The whole town of Villa Fran- 
ca was overturned to the foundation, and moft 
¢ of the inhabitants were buried under its ruins, 
‘Tn feveral places, the plains were elevated into « 
* hills, and, in others, the hills funk down into. 
‘ valleys:. A fountain of frefh water iflued from. 
‘the ground, and run for four days, and then’ 
; ftopped all of a fudden. The air and the fea’ 
‘were in. fuch commotion, that they made a 7 
¢noife refembling the bellowings of ferocious | 


‘ animals, | 


Se dr. A ee ee 


wis 


ee 


ee 
— + 


* Sce Mandelilo’s voyages. 
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‘animals. Many people died of fear. There 
‘was not a veflel in the harbours which was 
‘ not agitated in a dangerous manner ; and thofe 
* which Jay at anchor, or were under fail, at 
‘ the diftance of twenty leagues, were ftill more : 
‘ ‘ feverally tofled. .Earthquakes are very fre- 
* quent in the Azores: ‘Twenty years before the | 
* period mentioned, a mountain in St Michael was 
* overturned by a dreadful earthquake *. 
‘ In the month of September 1627, an earth- 
* quake levelled one of the two mountains of 
* Manilla, called Carvalos, in the province of 
‘Cagayon. In 164$, a es part of the city 
* was deftroyed. by a fimilar accident, and 300 
‘ perfons perithed in the ruins. The following 
‘ year it was vifited by another; and the old 
* Indians tell us, that earkquakes are now lefs 
‘ deftruétive than formerly; but they ftill build 
“their houfes of wood, in which they are imi- 
‘tated by the Spaniards. 
‘The number of volcano’s in this ifland con- 
‘ firms the above relation; for, at certain inter= 
* vals, they vomit forth flames, fhake the earth, 
‘ and produce all the effets afcribed by Pliny 
‘to the eruptions of Vefuvius, fuch as, chan- 
_ © ging the beds of rivers, making the neighbour-' 
‘ing parts of the fea retreat, covering the pla-: 
‘ ces adjacent. with athes, projecting. ftones to 
‘great diftances, and making reports louder: 
‘ than thofe of cannons f,’ 
| | In 
* Gen. hift. of voyages, vol. 1. p. 325. 
+ See Voyage de Gemelli Careri, pe 129. 
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In 1646, an earthquake fplit a mountain in 


‘ the ifland of Machian, and the explofion made | 


fa frightful noife. From the cleft iffued fuch 
‘a quantity of flames as confumed feveral plan- 
' tations with their inhabitants, This. prodi- 
* gious aperture was to be feen in the year 1685, 
and it probably remains to this day. It was 
“called the Wheel-track of Machian, becaufe it 
‘ ran from the top to the bottom of the moun- 
“tain, and, at a di ftance, had the appearance of 
‘a hich road *, | 
The hiftory of the French HAE mentions, 
in the following terms, the earthquakes which 
happened in Italy during the year 1702 and 
£703. * They began in-O@ober 1702, and con- 
2 tinued till July 1703.. The city of ‘Norcia, 


f 


‘with its dependencies in the ecclefiaftical ftate, 


‘and the province of Abruzzo, fuffered moft; 


‘and the earthquakes were firlt felt in thofe 


* places which are fituated at the foot. of the 
t Appennines, on the fouth fide. 


“They were fa requetitly accompanied with 


‘ frightful noifes in the: air, and thefe noifes 
¢ 


€ 


reft, and the iky ferene, The moft. violent 
concuffion was on the ed of February 17074) 


in the 7 At Rome it lafted half ‘a minute, 
‘and at Aguila, the capital of Abruzzo, three 


¢ 
hours. 
UR gets 2 Ba ES | ne LA ns | Wal, ' 
? pce V hull, de la congucte ces Moluques, tom. 3. P- 318 


‘ were fometimes h éard Hu the earth was at. 


and it was attended, efpecially at Rome, with | 
a remarkably clear fky, and a great cabin nef | 
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hours. Befide ravaging the neighbouring coun- 
try, it deftroyed the whole town of Aquila, 
and buried 5000 perfons under its ruins. | 


* The concuffions, or vibrations cf the earth, 


as was difcovered by the motion of the lamps 
in the churches, were dene from fouth to 


, north, 


‘ The earth opened in two eye oid dif- 
charged, with violence, ‘great quantities of 
{tones, which covered a whole field, and ren- 
dered it barren. After the ftones, thefe a+ 


‘pertures threw up water above the elevation 


of the higheft trees. This difcharge continued 
a quarter of an hour, and laid the neighbour- 
ing country under water.. The water was 
whitifh, like foap-fuds, and had no parianar 
tafte. 

* On the top of a mountain near Sigillo, a 
village about 22 miles from Aquila, there was 
a confiderable plain furrounded with rocks 
like a wall. The earthquake of the. 2d of 


February converted this plain into a large 


unequal gulf, its greateft diameter being 25 
fathoms, and its leaft 20. This gulf has been 
founded with ropes of 300 fathoms, without 
reaching the bottom. At the time that the 
gulf was formed, flames were obferved to iffue 
out of the mountain, and afterwards a thick 


‘ fmoke, which continued, with fome interrup- 


‘ tions, for three days. 


$ At 
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© At Genoa they had two flight concuffions — 
“of the tft and 2d days of July 1703, ‘thelaft — 


‘ of which was only felt by the people on the 
* Mole: The fea, atithe fame time, funk 6 feet 
‘in :the port, and continued: in: this'fituation a 

‘ quarter of an-hour.: aye 


‘ The fulphureous water on the eu bétercen 4 


Rome and Tivoli funk two feet and a half, 
* both in the bafin and in the canal. The {prings 
‘ and rills of water, which rendered many places 
‘of the plain called Zeffzne marfhy, were entirély 

# dried up. The depth of the water in the lake call- 
© ed l'Enfer was diminifhed three feet. In place 


“of the old fprings, new ones, about a mile di- » 


‘ ftant, appeared: They are probably the fame 


© waters, the courfes of which have been RE) 4 


* by the concuflion of the earth *.’ 


The fame earthquake, which, in 1538, Sart a 
ed the Monti de Cinere near Puzzoli, filled the © | 
Lucrin lake with ftones, earth, and ssi and a 


converted it into a marfh fT, 


‘Earthquakes, alfo,’ ‘ fbb Mr Shaw, * have 
‘ fometimes been felt at fea. Inthe year 1724, 
‘ when [ was aboard the Gazella, an Algerine + 
‘ cruifer of 50 guns, bound to Bona to relieve — 
‘the garrifon, we felt three prodigious fhocks, 


‘ one after another, as if a weight, at each time, 
‘ of 20 or 40 ton, had fallen fron a great height 


© upon the-ballaft. This happened. Hogs we 
“were ii 


* Sée hit det Acad. des Sciences, année 1704. 
+ See Ray’s difcourfes se 12. 
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were five leagues to the fouthward of the Seven 


© Capés, and, could not reach ground with a line 


/ 


‘ of 200 fathom... The captain told me, that, a 
‘ few years before, when he was upon a cruife, 


‘he felt a much greater one, at the diftance of 


‘ 40 leagues to the weftward of the rock of Lif. 
‘hen #1: 

er hnatan: eee of an eatiale shige 
happened in the Moluceas, fays, that the moun- 


tains were fhaken, and that the veilels at anchor 


in 30 or. 40 fathom water, were fhocked, as if 
they had run afhore, or {truck againft rocks. 
4 We learn,’ continues he, from A experi- | 
© ence, that the fame happens in the ocean, where 
‘no bottom can be found; and that earth- 
Pure agitate vellels, even when the fea is 
* perfe&ly calm Ÿ. 
Gentil, in his voyage round the world, has 
the Fons remarks: upon earthquakes: ‘ 1. 
‘That, half an hour before the earth begins 


{to fhake, all animals appear to be feized with a 


‘panic. The horfes neigh, break their halters, 
‘ and run out of the ftable; the dogs bark; the 
‘birds, as if ftupid, fly for fhelter into the 
‘ houfes; the rats and mice come out of their 


BMD EE: &c. 2. That fhips at anchor are fo 


‘ violently agitated, that all the parts of which 


‘they are compofed feem to be torn afunder ; 


‘ their guns break loofe, and their mafts fpring: 


€ Thefe facts I fhould hardl y have credited, if 
"they 


‘* Shaw’s trayels, pe 1514 'T Voyages, vol. 6. p. 103. 
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ae had not been con rime to me by the 


‘unanimous teftimony of many ‘witnefles. I 
‘ khbt that the bottom of the fea is a continu- 
‘ation of the land; and that agitations of the 4 
“one muft be communicated to the other; but 
‘TI could not comprehend how the different 
‘ parts of a veflel, fwimming in a fluid, fhould 
“be affected in the fame’ manner as if fhe had 
‘been refting on the ground. Her motion, [ 
“imagined, fhould have only refembled that 
* produced by a ftorm; befides, in the prefent 
‘inftance, the furface of the fea was fmooth, 
‘and the whole agitation muft have predeedea 
‘ from fome internal caufe, becaufe, at the time 
‘of the earthquake, there was no wind. 3. 
“That, if the cavern of the earth which con- 
‘ tains the fubterraneous fire, runs from north to 
“fouth, and if the buildings of a town above it 
‘ lie in the fame direétion, the whole houfes are 
‘ overturned; but, if the vein or cavern runs 
‘ acrofs the town, the damage produced by the 
* earthquake is lefs ebiitidetabier ; 


When a new volcano breaks out in countries 


fubje& to earthquakes, they almoft entirely ceafe, 
and are feldom felt, except during great erup- 
tions, as has been obferved with regard to the 
ifland of St Chriftophers f. 
The enormous ravages produced by carth- 
quakes HA induced fome naturalifts to imagine, 
| that 
* See Vora: de M. le Gentil, tom. 1. p. 172. 
+ See Phil. Tranf, abridg, vol. z, ps 392. 
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that mountains, and all the other irregularities 
on the furface of: the globe, have derived their 
origin from fuccuffions of the earth occafioned by 
the ation of fubterraneous fires, This, for in- 
ftance, is the opinion of Mr Ray. He believes 
that all the mountains have been formed by 
earthquakes, or by the explofions of volcano’s, 
in the fame manner as Monti de Cinere in Italy, 
-the new ifland near Santorini, &c. But he has 
not confidered, that the fmall elevations formed 
by earthquakes, or by the eruptions of volcano’s, 
are not, like all other mountains, compofed of 
horizontal ftrata; for, by digging into the Mon- 
ti de Cinere, we find calcined ftones, afhes, burnt 
earth, iron-drofs, pumice-ftones, all blended 
together like a heap of rubbifh. Befides, if earth- 
quakes and fubterraneous fires had raifed the 
great mountains of the earth, as the Cordeliers, 
Mount Taurus, the Alps, &c, the prodigious 
force requifite to elevate thefe enormous mafles 
would, at the fame time, have deftroyed a great 
part of the furface of the globe. Earthquakes 
fufficient to produce fuch ‘effe&%s muft have 
been inconceivably violent, fince the greatett 
of them recorded in hiftory have not been able 
to produce a fingle mountain. In the reign of . 
Valentinian I, for inftance, an earthquake was 
felt over the whole know world *, and yet it 
raifed not a fingle mountain. 

: | : a 


PS 


% le L 1 a . 
# Ammian. Marcellin. lib. 26. c. 14: 
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“Tt is capable of dectigaftfutton: however; that, 
though an earthquake fhould have a force fufi= _ 
cient to raife the higheft mountains, this force 
would not be able to aaa the reft of the 
globe. 

For, let it be fuppofed, that tye chain df ti hi fi 
mountains which traverfé South America from 
the point of Terra Magellanica to New Grana- 
da and the Gulf'of Darien, had been fuddenly 
elevated by an earthquake, aid then let us’efti- | 
mate the effeet of this explofion. “This chain of 
mountains is about 1700 leagues long, and, “at 
a medium, 40 leagues broad, including the Si- 
erres, which are lower than the Andes. This 
oives a furface of 68,000 fquare leagues. The - 
thicknefs of the matter difplaced by the earth- 
quake I fuppofe to be one league ; or, that the 
mean height of the mountains Font their fummits 
to the caverns, which, agreeable to this hypo- 
thefis, muft fupport them, is one league. “The 
force of the explofion, therefore, muft have ele- 
vated, to the height of a league, a quantity of 
earth equal to 68,000 cubic leagues,’ But, ac 
tion and reaction being equal, this explofion 
muft have communicated an equal quantity of 
motion to the whole globe. : Now, the whole 
globe confifts of 12,310,523,801 cubic leagues. 
From this number. take 68,000,’and there re~ 
mains 12,310,455,901 cubic leagues, of which — 
the quantity of motion would be equal to that of - 
68,000 elevated one league. Hence it appears, 

TUNIS that 
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| that the force neceflary to: raife 68,000 cubic 


leagues would not be fufficient to difplace the 


| whole globe a fingle inch, 


There is no ab fol tes impoflibility, therefore, 
in the fuppofition, that the mountains have been 
raifed by earthquakes, were it not evident, both 
from their internal ftru€ture and their external: 


_ figure, that they have been formed by the ope= 


ration of the waters of the ocean. Their inte= 


_ rior parts are compofed of parallel ftrata, inter 
 fperfed with fea-fhells; and their external figure 
_ confifts of angles every where correfponding. Is 
it credible that thisuniform firu@ure, and regu- 
_ lar figure, could have been produced by fudden 
and defultory fuccuffions of the earth ? 


But, as this notion has been- embraced ‘by © 


_ fome philofophers, and, as the nature and effects 


of earthquakes. are not well underftood, I fhall 


| hazard a few ideas, which may perhaps throw 


fome light upon this intricate fubje., 
The furface of the earth has undergone many 


changes. . At confiderable depths, we find holes, 


caverns, fubterraneous rivulets, and voids, which 


: fometimes communicate with each other by 


ee rl 


a ee le : 


| means of chinks and fiflures. There are two 

_ fpecies of caverns: The firft are thofe which 
| have been formed by volcano’s and the ation | 
| Of fubterraneous fires. The ation of fubterra- 


_ neous fire elevates, fhakes, and throws of toa 


diftance the fuperincumbent materials; at the 


fame time, it fplits i deranges thofe on each 


fide 
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fide of it, and thus produces caverns, grottos, 
and irregular hollows. But fuch effects are on- 
ly exhibited in the neighbourhood of volcano’s, 
and are not fo frequent as the other fpecies of 
caverns which are produced by the operation of 
water. It has already been remarked, that the. 
different ftrata of the earth are all interrupted by 
perpendicular fiffures, the origin of which fhall 
be afterwards explained. The waters which fall 
upon the furface defcend through thofe fiffures, 
collet when their progrefs is prevented by. a 
firatum of clay, and form fprings and rivulers.. 
From the nature of water, it fearches for cavities 
or {mall vacuities, and has a conftant tendency 
to force a paflage; till it finds a proper vent. 
Wherever it goes, it carries. along with it fand, 
gravel, and other bodies which it is capable of 
dividing or diffolving. In this manner, the o-, 
peration of water sr till it forms fubter- 
raneous paflages ; and then it breaks out in the 
form of ira either on the iurface of the 
earth, or in the bottom of the fea. The mate- 
tials it perpetually carries of leave hollows, or 
caverns in the ise of the earth, which are 
often of great extent; and thefe caverns have a 
very ify lia origin from thofe produced: by. 
volcano’s or ea ares | SE 
Earthquakes are of two kinds:  Thofe OC+ 
calioned by the action of fubterraneous fires, 
and by the explofions of volcano’s, are only. 
felt at {mall diftances, previous to, or during the 
time 
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time of eruptions. When the infarct mat. 


ters in the bowels of the earth begin to ferment 
and to burn, the fire makes an effort to efcape 
in every Het and, if it finds no natural 

vents, it forces a rad by clevating and throw- 
ing off the incumbent earth. In this manner vol- 
-cano’s commence, and their effeéts continue in 


proportion to the quantity of inflammable mat- — 
ter they contain. When the quantity of in-- 
flamed matter is inconfiderable, it produces only. 


an earthquake, and exhibits no marks of a vol- 
cano: The air generated by fubterraneous fire 
may alfo efcape through {mall fiffures; and, in 
this cafe, likewife, it will be attended with a ae 
cuffion of the earth ; but no volcano will appear. 
But, when the quantity of inflamed matter is 
great, and when it is confined on all fides by fo- 
lid and compact bodies, an earthquake and a 
volcano’ are the neceflary confequences. All 
thefe commotions, however, conftitute only the 
firft {pecies of earthquakes, which are notfelt but 
in the neighbourhood of the places where they 
happen. Aviolent eruption of Ætna, for exam- 
ple, willfhake all the ifland of Sicily} but it will 
never extend to the diftance of three or four 
hundred leagues. When Vefuvius burfts open 
a new mouth, it excites an earthquake in Naples 
and in the neighbourhood of the volcano; but 
thefe earthquakes never fhake the Alps, nor do 
they extend to France or other countries diftant 
from Veftvius. Thus, earthquakes produced 
Vou, Ta” foe by 
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by volcano’s are limited to a fmall fpace ; they 
are nothing but effeis of the reaction of the fire, 
and they fhake thecearth in the fame manner'as . 
the explofion of a powder-magazine occafions 
an agitation to the diftance of feveral leagues. 
But there is another fpecies of earthquakes. 
which are very different in their effects, and per- 
haps alfo in their caufe. Thefe earthquakes. 
are felt at great diftances, and fhake a long tra@ 
of ground without the intervention either of a 
new volcano, or of eruptions in thofe which al-. 
ready exift. There are inftances of earthquakes 
which have been felt at the fame time in Britain, 
in France, in Germany, and in Hungary. ‘Thefe 4 
earthquakes always extend more in length than 
in breadth. They fhake a zone or belt of earth 
with greater or lefs violence in different places ; 
and Hey are generally accompanied with a hol- 
low noife, like that of a heavy carriage rolling 
‘with rapidwy. : ‘ 
As to the caufes of this {pecies of earthquake, 
it muft be remarked, that the expiofion of all 
inflammable fubftances, like that of gun-powder, 
generates à great quantity of air; that this air. 
is highly rarefied by heat; and that its effects, 
from the compreffion it receives by being con- 
fined in the bowels of the earth, muft be exceed- 
ingly violent. Let us fuppofe, that, atthe depth 
of 100 or 200 fathoms, there are a vaft collec 
tion of pyrites and fulphureous bodies, and that 
they are inflamed by the fermentation pro-. 
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duced by the admiffion of water to them,*or by 


other caufes. What muft be the effet? In the 
firft place, thefe fubftances are not placed in 
horizontal beds, like the ancient ftrata, which 
were formed by the fediments of the waters. 


They are lodged, on the contrary, in the 


perpendicular fiffures, in fubterraneous caverns, 
and other places, to which the water has ac- 
cefs. When inflamed, they generate a vaft 
quantity of air, the {pring of which, by be- 
ing comprefled within a {mall fpace, like that of 
a cavern, will not fhake the earth immediately a- 
bove, a it will fearch for pafiages in order to 
expand and make its efcape. Caverns and 
channels of fubterranequs rivulets and fprings, 
are the only natural paflages for this rarefied air. 
Into thefe, therefore, it will ruth with impetuo- 
fity, and produce in them a furious wind, the 
noife of which will be heard on the furface; and 
it will be attended with vibrations or fuccuflions 
of the ground. This fubterraneous wind pea 
duced by fire will extend the whole length of 
the caverns or channels, and occafion a fhaking, 
more or lefs violent, in proportion to its diftance 


from the heat, and to the width or narrownefs 
of the canals. But this motion muft neceflarily 


run ina longitudinal direction ; and the fhaking, 
of courfe, muft be felt over a long belt of ground. 


This air, however, cannot produce an eruption 


or a volcano; becaule it finds fuficient room 


_ for expanding itfelf; and diminifhing its force ; 


or rather, mur it éfcapes through fiflures in 
Ee 2 the 
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the form of vapour or of wind. But, although 
the exiftence of caverns or channels for the paf- 
fage of this rarefied air fhould be denied, it is 

eafy to conceive, that, in the very place where 
the explofion is made, as the earth is elevated to 
a confiderable height, «the neighbouring places 
mutt fplit RES in attempting to yield to 
the impulfe communicated by the original mo- 
tion ; and, in this manner, paflages may be gra- 
dually ihe fucceflively opened, fo as to commu- 
nicate with very diftant places. This explica- 
tion correfponds with all the phaenomena. Earth- 
quakes are not felt at great diflances at the fame 
minute, or even the fame hour, They are not 
accompanied with eruptions or external fire ; 


_and the noife almoft conftanily marks the pro- 


ereflive motion of the fubterraneous wind, O- 
ther facts concur in eftablithing this theory. 
Blafts of wind, and vapours, fometimes of a fuf- 
focating nature, it 1s. well known, arife from » 
mines, independent of the motion of the air pro- 
duced by the current of water. It is equally 
well know n, that winds iffae from certain aper- 
ie of the earth, from caverns, abyfles, and 
deep lakes, as Lake Boleflaw i in Bohemia, which 

has been formerly mentioned, Vu 
When thefe remarks are confidered, I cannot | 
comprehend how the mountains fhould/have o- - 
riginated from earthquakes, fince the mineral 
and fulphureous bodies which occafion them 
are icldom to be met with but inthe perpendicu- 

lay 
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lar flures of mountains, and in athens cavities of 
the earth, the greateft number of which have 
been produced by the operation of water; fince 
thefe inflammable fubftances produce only 4 mo: 


“mentary explofion, and violent winds which fol: 
low the channels of fubterraneous waters ; fincé 
_ the duration of earthquakes on the furface of thé 


earth is fo fhort, they muft be occafioned by à 
fudden Slaton, and not by a continued con= 
flagration ; and, /afly, fince thofe earthquakes, 


which extend over large tracts of ground, never 


produce the fmalleft eminence throughout their 
whole courfe. 

Earthquakes, it is true, are more frequént in 
the neighbourhood, of volcano’s, as in Sicil ly, and 
the environs of Vefuvius: But it appears, from 
repeated obfervations, that thefe earthquakes aré 
very limited, and, confequent] y, can never form 


_a chain of mountains, 


It has fometimes been remarked, that thé 


‘ matters ejected from tna, after cooling for fe- 


veral years, and being Sept moiitened with 
rain, have rekindled, and thrown out flames with 
fuch violent explofions, as to occafion {mall 
earthquakes. pith | 

In 1669, during a violent eruption of £tna, 
which began on the i1th of March, thé fummit 
of the mountain funk confiderably* ; which is 
a proof that this voleano proceeds rather from 
the fuperior part of the mountain than from 
the bottom of it, Borelli, who is of the fame 


i é 3. opinion, 
- * See Phil. Tranf.’Abridg. vol. 4. p. 38%: à. | 
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stare obferves, ; That the fire of a visleatto 
‘ proceeds: neither from the centre, nor from the 
‘ bottom of a mountain, but from the top ; and 
‘that the inflammation never kindles but ata 
€ fmall depth #2 : 

Mount MERE has frequently thrown out, 
during eruptions, great quantities of boiling wa- 
ter. | Mr-Ray, he imagines that the fire of 
voléano’s comes from a very greath depth, fays, 
that this water proceeds from the fea, which com- 
rhunicates, by fubterraneous paflages, with the 
foot of the mountain. As a proof, he mentions 
the remarkable drinefs of the top of Vefuvius, 
and the agitation of the fea during éruptions, 
which fometimes recedes fo far as to leave the 
port of Naples entirely dry. But, fuppofing 

thefe facts to be true, they by no means prove 
‘that the fire of volcano’s proceeds from a great 
depth ; ; for the water they ejectis certainly rain- 
water, which penetrates through the fitlures, and 
colleéts in the cavities of the mountain. Rills 
and fprings iflue froin the tops of volcano’s, as 
well as from other high mountains and, as the 
former are hollow, and have fuffered more con- 
euffions than the latter, nothing can be more nas 
tural than they fhould collect water in their ca- 
verns, and that théle waters fhould fometimes 
be ejected, along with other fubltances, in the 
time of eruptions. With regard to the motion 
of the fea, it arifes folely. from. the fhock com- 


| municated 
sé + Borelli de incendiis montis Ætnae. . 
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municated to the waters by the explofion, which 
makes them advance or retire according to sien: 
rent circumftances. 

The moft common fubftances thrown out by 
volcano’s, are torrents of melted minerals, which 
overflow the environs of the mountain. Thefe 
rivers of lava extend’to great diftances ; and, in 
cooling, they form beds, either era or.in= 
clined, in the fame manner as the ftrata accumu-_ 
‘lated by fucceflive fediments from water. . But 
the former are eañly diflinguifhable from the 
latter: 1. Becaufe ftrata of lava are not every 
where equal in thicknefs. 2. Becaufe they con- 
tain nothing that has not evidently been cal- 
cined, vitrified, or melted. 3. Becaufe their 
extent is more limited. As there is a vaft num= 
ber of volcano’s in Peru, and, as the bottoms of 
moft of the Cordeliers are covered with fubftan- 
ces which have been thrown out by eruptions, it 
is not furprifing that no fea-fhells have been 
found there ; for they muft have been calcined 
and deftroyed by the fire, But { am ftill per- 
fuaded, that, if the c lay ground, which, accor 
ding to M. Bourguet, is the ordinary earth in the 

valley of Quito, had been dug, fhells would have 
been difcovered there, ae nel as every where 
elfe, efpecially where the ground is not cevered, 
like the bottoms of the mountains, with matters 
ejected from volcano's. 

It. has often been afked, Why all voleano’s 


appear in high mountains only I have partly - 
folved 
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folved this queftion in the preceding article.’ 
But, before finifhing the prefent fubje&, I fhall 
endeavour more filly to explain myfelf. 
_ The peaks or points of mountains were ori- | 
_ginally covered with earth and fand, which, af- 
ter being gradually wafhed down to the valleys 
by the rains, left nothing but thofe bare rocks 
or ftones called the core of mountains, which, 
being likewife fubjeëted to the action of the’ 
weather, fmall and large fragments of them muft 
have been occafionally loofened, and, of courfe, 
mult have rolled down to the swine” The rocks 
at the bafe of the fummit being fully uncovered, 
and having loft their original fupport from the — 
fand and earth, would neceflarily give way a 
little, and, by feparating from each other, would — 
produce {mall intervals. But this yielding of — 
the lower rocks ‘could not take place without 
rending thofe which layabovethem, In this man- 
ner the core of the mountain, from the fummit 
to the bafe of the lower rocks, would be fplit 
into an infinite number of Hé Et dre fiffures 
of different dimenfions. Through thefe the rains 
would penetrate and carry along with them, into 
the bowels of the mountain, alithe minerals, and 
other fubftances which they were capable of 
tranfporting or diffolving. Here pyrites, ful- , 
phur, and other combuftible fubftances, would be 
‘produced ; and, in the courfe of time, thefe bo- 
dies would accumulate in great quantities, and, 
by their fermentation, would give rife to explo- 
| fions 
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fions and other effe&s of volcano’s. Heaps of 
thefe mineral fubftances might likewife exift in 
the heart of the mountain, before the rain could 
penetrate fo deep. In this cafe, as foon as the 
air or rain got accefs to. them by means of the 
perpendicular fiffures, a conflagration and vol- 
cano would inftantly.take place. No fuch phae- 
nomena can be exhibited inmplains’; for, as every 
thing there is at reft, and nothing can be dif- 
placed, it is not furprifing that the exiftence of 
volcano’s fhould be confined efibinely to the 
mountains. 

When coal-minés are opened, which are com- 
monly found, in» clay-grounds, and at à great 
depth, the mineral fubftances above mentioned 
fometimes kindle into flames. There are exam- 
ples in Scotland, Flanders, &c. of coal- -mines 
which have continued to burn for many years. 
The admiflion of air is alone fufficient to pro- 
duce this effect. But thefe inflammations occa- 
fion only flight explofions, and never form vol- 
‘cano’s; becaufe, in fuch places, all being plain 
and folid, the fire cannot. be excited to fuch a 
degree/as 1n burning mountains, which are fall 
of caverns-and cliffs, through which the air pe- 
netrates, and augments the action of the fire fo 
forcibly, as to give rife to the terrible effects: we 
have been deferibing. | | 
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Of new Dflands, Caverns, s, perpendicular Fi fire, 
LC. ‘ 


‘EW iflands are ta ete fuddenly 
by the operation of fubterraneous fires, 
or flowly by the accumulated fediments of wa- 
ters Upon this fubje& we are furnifhed, with 
indubitable facts, both by ancient hiftorians, and 
by modern voyagers. Seneca tells ‘us, that, in 
his time, theifland of Therafia * fuddenly emer= _ 
ged from the fea, to the aftonifhment of many — 
{pectators. Pliny relates, that 13 iflands former- — 
ly arofe all at once from the bottom of the Me= 
diterranean, and that Rhodes and Delos are the 
- chief of them. According to Ammianus Mar- 
cellinus, Philo, Pliny, &c, thefe 13 iflands were 
: not . 
* Now called Santorini. 
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not formed by an earthquake or by a fubterra- 
neous explofion, but were formerly concealed 
under the water, which funk and uncovered 


_ them. Delos was even diftinguifhed by the 


name of Pelagia, becaufe it formerly belonged 
to the fea. Whether thefe 13 new iflands were 
produced by the action of fubterraneous fire, or 
by any other caufe which diminifhed the quan- 
tity of water in the Mediterranean, it is not ea= 
fy to determine. But we are informed by Pli- 
‘ny himfelf, that the iflandof Hiera, in the neigh- 
bourhood of. Therafia, is sdnbhfed of ferrugi- 
-nous mafles, and of hae which had been ihiewen 
up from the bottom. of the fea; and, in another 
place, he mentions feveral other iflands which 
had been formed in the fame manner. Upon 
this fubjeét, however, we have facts more re- » 
cent, and Jefs involved in obfcurity. | 

On the 23d day of May. 1707, at fun-rifing, 
there appeared, at the diftance of two or three 
miles from the ifland of Therafia or Santorini, — 
fomething which had the refemblance of a float- 
ing rock. Some men, ftimulated by curiolity, 
approached it, and difcovered that it had arifen 
from the bottott of the fea; that it increafed — 
under their feet: that oyfters and other fhells ftill 
adhered to the rocks; and that many pumice- 
ftones lay on its furface. ‘Two days before this 
rock appeared, there had been a flight earthquake 
in Santorini. This ifland continued to augment ~ 


confiderably, without any accident, till the 14th 
| AA 
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of June. It was then about half a mile in cir= 
cumference, and 20 or 30 feet high, and the 
earth was white and mixed with clay. After this 
time, the fea began to be more and more agita- 
ted; vapours arofe from it which infefted the 
ifland of Santorini, and, on the 16th of July, 

17 or 18 rocks rofe all at once from the bottom, 
of the fea, and united into one mafs. : Thefe 
phaenomena were attended with a frightful noife, 
which continued two months; and flames iffu- 
ed from the new ifland, which fill augmented 
both in circumference and height; and the ex- 
plofions were fo violent, that they drove large 
ftones to more than 7 miles diftance. The ifland 
of Santorini itfelf was regarded by the ancients 
as a recent production; and, in 726, 1427, and 
1673, it received confiderable additions, befide 
the {mall iflands formed in its neighbourhood *, 
The fame volcano, which, in the days of Seneca, 
raifed the fland né Santorini, produced, in Pli- 
ny's time, that of Hiera or Volcanella, and, in 
. our days, the rock above deicribed. 

») Onuthe:! roth of; OGober :1720, a great fire. 
“was: feen to arife from the {éa near the ifland of ; 
Tercera. Navigators being {ent, by order of go- ” 
vernment, to examine it, they perceived, on the © 
1goth of the fame:month, an ifland covered with | 
hreand{moke; anda sie eda QUE quantity ofafhes - 
was thrown to a great diftancé, as from a vol- 
.cang,.and accompanied witha noifefimilarto that | 
* See l’hift. de Acad. des Sciences, 1708, p. 23. 
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of thunder. The earth was alfo perceived to 
fhake in the neighbourhood ; and a vaft number 


of pumice-ftones were cs floating on the 


fea all round the new ifland : This laft phaeno- 
menon has fometimes been remarked in te O— 
honte 

The hiftorian of the French academy Ÿ, in 
relating this event, remarks, that, ‘after an 
earthquake in the ifland of St Michael, one of 
the Azores, there appeared a torrent of fire be- 
tween this ifland and that of Tercera, which 
gave rife to two new rocks: And, in the fub- 
fequent year, the fame hiftorian a the fol- 
lowing detail: 


© € M. de PIfle has informed the abs of . 


* feveral particulars concerning the new ifland 
‘among the Azores, which he received in a 
‘letter from M. de Montagnac conful at Lif- 
‘bon. On the 18th of S September 1721, M. de 


ic Montagnac’s veflel was moored off the fortrefs 


‘of St Michael; and he learned the following 
‘ particulars from the pilot of the port. _ 

‘During the night of the 7th or 8th of De- 

* cember 1720, there was a great earthquake in 

‘Tercera and St Michael, which iflands are di- 

‘ ftant from each other about 28 leagues, and a 

‘new ifland rofe from the fea. It was, at the 

‘fame time, remarked, that the point of the 

* ifland i Peak, at the diftance of 30 oes 

* which 


# See philofophical tranfaét. abridg. vol. 6. part 2. p. 3 5e, 
F Ann. 1721, p. 26. , 
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: orien formerly threw out flames, was extin- | 
uifhed. But a continual thick a iffued 

‘ from the new ifland, which was diftinlly per- 
‘ceived by M. de Montagnac, as long as he 
* continued in that part. The pilot aflured him, — 
‘that he had failed round the ifland, and ap- 
* proached it as near as he could with fafety. 
* He founded on the fouth fide of it with a rope 
‘ of 60 fathoms; but found no bottom. On the 
* weft fide, the water was much changed: It ap-_ 
‘peared to be mixed with white, blue, and 
‘green; and, at the diftance of two miles, it 
‘feemed to be fhallow and boiling. On the 
‘ north-welt, the fide from which the fmoke » 
* iffued, he found, at 15 fathoms, a bottom of 
‘coarfe fand. . He threw.a ftone into the fea, 
* and, at the place where it fell, he obferved the 
‘ water boil, and mount into the air with great 
ne The bottom was fo hot, that, at 


ais different times, it melted a piece of fuet 


which had been faftened to the end of the 
pena line. The pilot likewife remarked, 


‘that {moke iflued from a {mall lake, in the _ 


“ midft of a “fandy plain. This ifland is nearly | 
‘round, and high’ enough to be perceived, in 
* clear sh at the diftance of feven or eight 

“lJeagues. 

‘We have fince learned, by a letter Ge M. 

‘ Adrien, French conful at St Michael, dated 

“in March 1722, that the new ifland is confi= M 

‘ derably diminifhed ; that it is nearly on a § 

| | ‘leyel 4 
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| © Jevel with the water; and that it will arhably 
~ © foon difappear.’. 


From thefe, and many other facts of a fimilar 
nature, it is apparent, that inflammable bodies 
exift under the bottom of the fea, and that they 


_ fometimes produce violent explofions. The 
| places where they happen may be confidered as 


fubmarine volcano’ s, which differ from com- 


_ mon volcano’s only in the fhorter duration of 


their effects; for, after the fire opens a paflage 
to itfelf, ine water rufhes in, and extinguifhes 


them. The elevation of new iflands necef- 


farily leaves caverns, which are foon filled by the 
waters; and the new ground, which confifts of 
matter thrown out by the fubmarine volcano, 
mult, in every refpeat, refemble that of the 
Monti di Cinere, and other eminences which ~ 


_ have been raifed by terreftrial volcano’s. . It is 


on account of the water’s rufhing into the voids 
and fiflures produced by explofions, that fub- 
marine volcano’s exhibit their effects lefs fre- 


_ quently than common volcano’s, though both 
_ derive their origin from the fame caufe. 


To fubterraneous, or rather fubfnarine fires, ~ 
muft be afcribed all thofe ebullitions of the fea, 
and water-{pouts, which have been remarked in 
different places by mariners: They alfo produce 
ftorms and earthquakes, the effects of which are 
felt equally at. fea as upon land. The iflands - 
raifed by fubmarine volcano’s are generally 


. compofed of pumice-flones and calcined rocks. 


>; es 


Fire 
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Fire has frequently been obferved to iflue out — 
of the waters of the fea. Pliny tells us, that the 
whole furface of the Thrafymen lake ‘has ap- | 
> peared to be inflamed; and Agricola informs us, 
that, when a ftone was: thrown into the lake of 
Denftat in Thuringia, its defcent was marked sh 
a train of fire. 

Laftly, The great quantities of nie 
difcovered by voyagers in different parts of the 
ocean, as well as in the Mediterranean, evince 
the exiflence of’ volcano’s in the bottom of the 
fea, which differ not from thofe upon land, ei- 
ther in the violence of their explofions, or in the 
matter they throw out, but only in their rarity, 
and in the fhortnefs of their duration. Hence 
it may be remarked, that the bottom of the fea 
every way refembles the furface of the earth, not 
‘admitting even the exception of volcano’s, 
Between fea and land volcano’s there are: 
“many relations. Both of them exift on the 
tops of mountains, The Azore iflands, and 
thofe of the Archipelago, are only the points 
of mountains, fome of which are above, and 
others under, the furface of the water. From 
the account of the new iflands among the A-. 
zotes, itrappears, that the place where the {moke | 
iffued was only 15 fathoms deep, which, when 
compared with the ordinary depth of the ocean, 
demonftrates this: place to be the top of a pretty, 
high mountain. The fame remark may be 

| _ made 
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made with revard to the new ifland near Santo- | 
rini.. Its depth muft have been inconfiderable, 
fince oyfters were found attached to the rocks 
which rofe above the furface of the water, It 
likewife appears, that fea-volcano’s,; as well as 
thofe upon land; have fubterraneous communi- 
cations; for, at the very time that the new 
ifland among the Azores arofe, the fummit of 
the volcano of St George, in the ifland of Peak, 
funk. It alfo merits obfervation, that new 
iflands never appear but in the neighbourhood 
of old ones; and that there are no examples of 
new iflands in open feas: They ought, there= 
_ fore, to be regarded as continuations of the an- 
cient iflands; and, when volcano’s happen to 
exift in the latter, i itis not furprifing that the for- 
mer fhould contain the fame materials, which 
may be kindled either by fermentation alone, 
or by the action of fubterraneous winds. 

Befides, new iflands produced by earthquakes, 
or by fubterraneous fires, are few in number, 
But the number of thofe ei Sot by flime, fand, 
and earth, tranfported by rivers, or by the mo- 
tions of the fea, is almoft infinite. At the 
mouths of rivers, {uch quantities of earth and 
“fand are amafled, as frequently give rife to 
. iflands of confiderable extent. ‘The fea, by re- 
tiring from certain coafts, leaves uncovered the 
higheft parts of the bottom, and thefe parts con- 
ftitute fo many new iflands. In the fame man- 
ner, when the fea encroaches. upon the land, it 
VOL. L NUE 16 ST Rue Covers 
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covers the plains, and the more elevated grounds — 


appear in the form of iflands. It is for this rea- 
fon that there are few iflands in the open feas, 
and that they are fo numerous near the coatfts. 

Fire and water, though of very oppofite na- 


tures, exhibit many effects fo fimilar, that the | 


one may often be miftaken for the other. Be- 
fide the productions peculiar to thefe elements, 
as. cryftal, glafs, &c. they give rife to many 
great phaenomena, which have fuch ftrong re- 
femblances, that they can hardly be diftinguith- 
ed. Water, as we have feen, elevates moun- 
tains, and forms the greateft number of iflands: 


Some mountains and iflands likewife derive their 


origin from fire, The fame obfervation is appli- 
cable to caverns, fiffures, gulfs, &c. Some of 


them are the effects of fire, and others of water. | 
Caverns are, in a great meafure, peculiar to 


mountains: They are feldom or never found in 
plains. They are frequent in the Archipelago, 
and other iflands; becaufe iflands are generally 
nothing but the tops of mountains. Caverns, 


like precipices, are formed by the finking or 


mouldering of rocks, or, like abyfles, by the 


ation of fire; for, to Aube a cavern form a | 


precipice or an abyfs, nothing farther is necef- | 


fary than that the tops of the oppofite rocks 
fhould come together and form an arch, which w 
“mutt frequently happen when they are loofened | 
at the root, and fhaken by earthquakes, or by . 
the operation of time and of the weather, Ca- ! 
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verns may be produced by the fame caufes which 
give rife to gulfs, apertures, or finkings of the 
earth; and thefe caufes are explofions of vol- 
cano’s, the action of fubterraneous vapours, and 
earthquakes, which create fuch commotions in 
the earth, as muft neceffarily produce caverns; 
fiflures, and hollows of every kind, 

The cavern of St Patrick in Ireland is not fo 
confiderable as it is famous: The fame remark 
may be made with regard to the Grotto del Cane 
in Italy, and to that of Mount Beni-guazeval, in : 
the kingdom of Fez, which throws out fire: 
There is a very large cavern in the county of 
Derby in England. It is much larger than the 
celebrated cavern of Bauman, near the Black 
Foreft of Brunfwick. I was informed by thé 
Earl of Morton, a philofopher more refpectable 
for his merit than his high rank, that the en- 
trance to this ‘cavern, called the Dewil’s hole, 
is larger than the door of any church; that a 
fmall river runs through it; that, after advan- 
cing fome way, the vault of the cavern finks 
down fo low, that, in order to proceed farther, 
it is neceflary to lie flatin a boat, and to be 
pufhed through this narrow pailage by people 
_ accuftomed to the bufinefs ; and that, after gets 
ting through, the roof, or arch of the cavern, 
rifesto a great height; and, after waiking a con- 
 fiderable way on the fide of the river, the arch 
… finks again fo low as to touch the furface of the 
water. Herethe cavern terminates. The river, 

E fa  . whieh 
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which feems to have its fource in this part of. 


the cavern, fwells occafionally, and tranfports 
heaps of fand, which, by accumulating, forms a 


kind of blind alley, whofe diretion is different | 


from that of the principal cavern. 

In Carniola, near Potpechio, there is a large 
cavern, in which is a pretty confidérable lake. 
Near Adelfperg, we meet with a cavern in which 
a man may travel two German miles, It contains 
feveral tremendous and deep precipices *, The 
Mendip hills in Somerfetfhire likewife prefent us 


with extenfive caverns, and aus fine gTrottos.. 


Near thefe caverns we ca veins of lead, and 


fometimes large oak-trees, buried 15 fathoms 
deep. Inthe county of Gloucefter, there is a 
large cavern called Pen-park- hole, at the bottom 


of which we meet with 32 fathoms of water, 
Here aré alfo veins of lead. 


It is apparent, that the Devil’s-hole, and O- 


ther caverns, from which large fprings or brooks . 


‘iffue, have been gradually formed by the ope- 
ration of the water, and their origin cannot be 
afcribed to earthquakes or valcano’s, 

One of the largeft and moft fingular caverns 
we are acquainted with, is that of Antiparos, of 


. which M. Tournefort has given a complete de-. 


fcription. We, firft find a ruftic cave about 30 ! 
feet wide, divided by fome natural pillars. Be- 


“tween two pillars on the right, the ground flopes a 


gently, and cog more precipitately for about 4 


20. 
* See Acta erud. Lipf anno 1689, p. 558. 
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20 paces to the bottom of the cavern. This is 
_ the paflage to the grotto or interior cave, and is 
nothing but a dark hole, through which a man 
cannot pais without ftooping, aad the afliftance 
of lights. We then defcend, by means of a 
rope fixed at the entrance, a horrible precipice, 
and arrive on the. borders of another {till 
more tremendous, with correfponding aby ties on 
the left. By a ladder placed on the margin of 
thefe gulfs, we get over a vaft perpendicular 
rock, We then continue to flip through places 
lefs dangerous. But, when we think ourfelves 
in the greateft FN we are fuddeniy ftopped 
by a frightful pafs; to efcape through which, 
we are obliged to glide on our backs along a 
large rock, and to dcto4u by means ofa ladder. 
When we arrive at the bottom of the ladder, we 
ftumble for fome time among irregular rocks, 
and then the famous grotto prefents itfelf. This 
* grotto is about 300 fathoms below the furface 
of the earth, and it appears to be about 40 fa- 
_thoms high, and 50 wide. It is full of large 
and beautiful ftala@ites, which both depend from 
the roof of the vault and cover the floor * 
In that part of Greece called Achaia is the 
ancients, now Livadia, there is a large cavern 1n 
a mountain which was formerly non for the 
oracles of Trophonius: It is fituated between the 
| Lake of Livadia and the fea, fr om which, at the 
easel part, it is diftant about four miles; and 
2 FE 3 there: 


* See Ponticlons voyage to the Levant, 
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there are no lefs than 40 fubterraneous paflages 
through which the waters run under the moun- 


tain *, 


In all countries which are fubjeét to earth- 
quakes or volcano’s, caverns are frequent. The 
ftructure of moft of the iflands of the Archipe- 
Jago is exceedingly cavernous. The iflands in 
the Indian ocean, and particularly the Moluccas, 
appear to be igi fupported upon vaults. The 
land of the Azores, of the Canaries, of the Cape 
de Verd iflands, and, in general, of almoft all 
{mail iflands, is, in many places, hollow and full 
of caverns; becaufe thefe iflands, as formerly 
remarked, are only the tops of mountains, 
which ‘have fuffered great convulfions either 
from volcano’s, or by the ation of the waters, 
of frofts, and of other i injuries of the weather. 
In the Cordelieres, where voleano’s and earth- 
quakes, are os, there are many caverne, 
precipices, and abyffes. 

The famous labyrinth in the eee of Crete 
is not the work of nature alone. We are affured © 
by M. Tournefort, that, in many parts of it, the 
operation of men is evident; and, it is probable, 
that this is not the only cavern which has been 
augmented | by art. Mines and quarries are con- 
fantly digging ; and, after thefe have been long 
delerted, it is not eafy to determine -whether _ 


 fuch excavations have been the effects of nature. 


or of art. Some quarries are amazingly. exten- 
live, 


à wee Gordon’s Geography, p. 179. 
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five. That of Maeftricht, for inftance, is fuffi- 
cient to fhelter 50,000 men, and is fupported by 
more than 1000 pillars of 20 feet high ; and the 
earth and rock above is 25 fathoms thick *. The 
falt mines of Poland exhibit excavations {till 
more extenfive. Near large cities, quarries and 
artificial hollows are common. But we muft 
proceed no farther in detail, Befides, the ope- 
rations of men, however great, will always make 
but an bea derable clas in the hiftory of 
nature. 

Volcano’s and water which fi caverns in 
the bowels of the earth, produce likewife on its 
furface fiflures, ns and abyfles. At 
Cajeta in Italy, there is a mountain which had 
been formerly fplit by an earthquake in fuch a 
manner, that the feparation feems to have been 
made by the hands of men, We have already 
mentioned the Wheel-track, or great fiffure in 
the ifland of Machian, the abyfs of Mount Ara- 
rat, the port or gap in the Cordelieres, that of 
Thermopylae, &c. To thefe we might add the 
gap inthe mountain of the Trogloditesin Arabia, 
and that of the Ladders in. Savoy, which was 
begun by nature, and finifhed by Viétor-Ama- 
daeus. Confiderable finkings in the earth, the 
fall of rocks, and the fubverfion of mountains, 
are frequently produced by the waters, as well 
as by fubterraneous fires, Of this many ex- 
amples might be given. 
| ‘Ja 


# See Phil. Tranf. abridg. vol. 2. p. 462. 
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‘In the month of June 1714, a part of the 


‘ mountain of Diableret in Valois fell fudden- | 


‘ly, and, in a few hours, the fky being ferene, 


‘it appeared to have affumed a conical figure. 


+ It deftroyed 55 houfes, befides feveral men, and 

‘a great many cattle ; and it covered a league 
‘ fquare with its ruins. The fky was disk 
“with the duft: The collection of ftones and 
‘ earth which were amafled on the plain, exceed- 
‘ed 30 Rhenifh perches in height, dammed up 
© the waters, and gave rife to new lakes of con- 
* fiderable depths. But this phaenomenon was 
‘ not accompanied with the leaft veftige of bitu- 
‘ men, fulphur, or calcined lime-ftone ; nor, con- 
_f fequently, of fubterraneous fire : The bafe of 

* this great rock appeared to be rotten, and re- 
‘ duced to powder *” 

There is a remarkable example of frat fink- 
ings near Folkftone in the county of Kent. ‘The 


_ hillsinthe neighbourhood funk infenfibly, with 


out any earthquake or other commotion. The 
interior parts of thefe hills confift of rocks and 
, chalk ; and, by their finking, they have pufhed 
part of the adjacent land into the fea. A well 
attefted relation of this fa’ may be feen in the 
Philofophical Tranfa@ions f. 

In 1618, the town of Pleurs was buried un- 
der the rocks at the foot of which it had been 
fituated. In 1678, a great inundation was OC+ 

cafioned, 


~~ Hilt. de PAcad. des Sciences, anneé 1715s Ps 4 
4 Abridg. vol. 4 p. 250: 
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cafioned, in Gafcony, by the finking of fome 
portions of one of the Pyrennees, which forced 
out the water that had been pent up in the fub- 
_-terraneous caverns of thefe mountains, In the 
year 1680, a fill greater inundation was pro- 
duced in Ireland, by the finking of a mountain 
into caverns which had been full of water. It is 
not difficult to inveftigate the caufe of thefe ef- 
fects, It is well known, that fubterraneous wa- 
ters are every where frequent. Thefe waters 
gradually work away fand and earth in their 
pailages ; and, confequently, they may, in the 
courfe of time, deftroy the ftratum of earth 
. which ferves.as a bafis to the mountain; If this 
- ftratum fail more on one fide than on another, 
the mountain mutt, of neceflity, be overturned; 
or, if the bafe waftes gradually and equally 
throughout, the mountain will tink, without be- 
ing overturned. 

Having mentioned a few of thofe A cr | 
and changes produced in the earth by what may | 
be called the accidents of nature, we muft not 
pais over in filence the perpendicular fiffures in 
the different ftrata. Thefe fiffures are obvious, 
not only in all rocks and quarries, but in clays, 
and in every fpecies of earth which has never 
been removed from its natural pofition. They 
arecalled perpendicular fiffures ; becaule, like the 
horizontal ftrata, they are never oblique, but 
from fome accidental change. ~Weodward and 
Ray talk of fiffures, but in a general and confuled 

manner, 
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manner, and they never mention them under 
the appellation of perpendicular fiflures, becaufe 
they imagined that they might be indifferently 
_ either oblique or perpendicular. No author has 


hitherto attempted to explain their origin, tho’ 
it is apparent, as remarked in a former article, — 


that they have been occafioned by the drying of 
the materials which compofe the horizontal ftra- 


ta. In whatever manner this drying fhould hap- _ 


pen, perpendicular fiffures muft have been a ne- 
ceflary confequence ; for the matter of the ho- 
-yizontal ftrata could not be diminifhed in fize, 
without fplitting, at different diftances, in a di- 
. rection perpendicular to the ftrata themfelves. 


Under perpendicular fiflures, | comprehend, not 


only the natural cracks in rocks, but all thofe 


feparations which have been effected by convul- | 


five accidents. When a mafs of rock has fuf- 
fered any confiderable motion, the fiffures are 
fometimes placed obliquely; but it is becaufe 
the mafs itfelf is oblique ; and the fmalleft at- 


tention to quarries of marble and lime-ftone, or 


to great chains of rocks, will convince us, | that 
the general ‘direction of fiffures is perpendicular 
to the ftrata in which they are found. 

The bowels of mountains are chiefly compo- 
fed of parallel ftrata of ftones and rocks. Be- 
tween the parallel ftrata, we often meet with 
beds of matter fofter. than ftone ; and the per- 


pendicular fiffures are filled with fand, cryftals, 
metals, &c. The formation of thefe laft bo- 


dies 
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_ dies is more recent than that of the horizontal 
ftrata in which fea-fhells are found. The rains 
have gradually detached the fand and earth from 
the tops of mountains, and left the ftones and 
rocks bare, which afford an opportunity of di- — 
‘ftinguifhing with eafe both the parallel ftrata and 
the perpendicular fiffures. On the other hand, 
the rains and rivers haye fucceffively covered mé 
plains with confiderable quantities of earth, fand, 
gravel, and other bodies which are either foluble 
“i or eafily divifible by water. Of thefe have 
been formed beds of tufa, of foft ftone, of fand, 
of rounded gravel, and of earth mixed with ve- 
- getable fubftances. But thefe beds contain no 

ers fhells, or, at'moft, but fragments of them, 

which have LA Hunk Had from the mountains 
along with the earth and gravel. Thefe recent 
beds fhould be carefully diftinguifhed from the 
ancient and original ftrata, in which we almoft 
univerfally find a greater number of entire fhelis 
placed in their natural fituation. 
In examining the internal order and diftribu- 
_ tion of the materials of a mountain, compofed of 
common ftone or calcinable Japidific matter, we 
generally find, after removing the vegetable foil, 
a bed of Saye, of the fame nature and RATOUE 
_ with the ftones which predominate in the moun- 
tain; and, under the gravel, we meet with the 
folid rock. When the mountain is cut by a 
deep trench or ravine, the different banks or 
cS flrata are eafily r diftinguifhable. Each horizon- 


tal 
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tal ftratum i is feparated by a kind of joint or fu- 
ture, which is likewife horizontal. Thefe ftrata 
generally augment in thicknefs, in proportion to 


their depth or diftance from the top of the 


mountain; and they are all divided, vertically, 
by perpendicular fifures. ‘In general, the firft 
ftratum under the gravel, and even the fecond, 
are not only thinner than thofe which form the 
bafe of the mountain, but fo much cut by per- 
pendicular fiffures, that {mall portions of them 
only have any coherence. Moft of thefe fif- 


fures, which exa@ly refemble the cracks in 


earth that has been dried, gradually difappear as 
they defcend, and, at the bafe of the mountain, 
where they cut the larger ftrata in a more regu- 
lar and more perpendicular manner than thofe 
near the furface, their number is much fmaller. 

Thefe ftrata of rock often extend, without in- 
terruption, to great .diftances. Stones of the 
fame fpecies likewife are almoft uniformly found 


in oppofite mountains, whether they be fepa- 


rated by. a narrow neck or a valley ; and the 
ftrata never entirely difappear, unlefs when the 

mountain terminates in a large and level plain, 
Sometimes we find, between the vegetable foil 
and the gravel, a ftratum of marl, which com- 
municates its colour, and other er to the 
neighbouring. beds:, The perpendicular fiflures 
in the inferior rocks are, in this cafe, filled with 
marl, where it acquires a hardnefs equal, in ap- 
pearance, to that of the furrounding ftone ; but, 
Ne “he 
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when expofed to the air, ît iphits, and becomes 
foft and duétile. 

The beds of ftone which compofe the tops of 
mountains are generally foft and tender, but 
thofe near the bafe are exceedingly hard. ‘The 
_ firft is commonly white, and of à grain fo fine 
as to be hardly perceptible. In proportion as 
they defcend, the rocks become more compaé, 
and have a better grain; and the loweft bedsare 
not only harder than the fuperior ones, but are 
alfo more compact and heavy. Ther grain 
is fine and brilliant; and they are often fe 
brittle as to break as purely and. age as 
flint. | 

The heart of a mountain, then, is compofed 
of different ftrata of ftones, which are harder or 
fofter in proportion to their diftance from the 
fummit; dnd they are broad at the bafe, and © 
fharp and narrow at the top. The laft is, in- 
deed, a neceflary refult of the firft: For, as the 
{tones grow harder as they defcend, it is natural 

to think, that the currents, and other motions of 
the water, which fcooped out the valleys, and 
formed the contofirs of the mountains, muft 
have gradually confumed, by their lateral fric- 
tion, the materials of which the mountains are 
compofed ; and that this confumption would be ~ 
proportioned to the hardnefs or foftnefs of the 
matter acted upon. But, as the upper ftrata are 
known to be fofteft, and as their denfity increafes 
according as they approach the bafe, the moun- 
tains 
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tains muft, of neceflity, have affumed their pre- 
fent inclined, and fomewhat conical figure, 
This is one great caufe of the declivity of 


mountains; and it muft always become more | 


gentle, in proportion as the earth and gravel are 
brought down by the rain from their fummits. 
For thefe reafons, the declivity of hills and 
mountains,. compofed of calcinable bodies, is 
lefs than that of thofe which confift of granite, 
or of flint in large mafles. The latter gene- 
rally rife almoft perpendicularly to ‘very great 
heights ; becaufe in thefe mafñles of vitrifiable 
matter, the fuperior, as well as the inferior ftrata, 
areextremely hard, and have prefented nearly an 

equal refiftance to the operation of the waters. 
Though, in the tops of fome hills which are 
flat, and pretty extenfive, we find hard ftone 
immediately under the vegetable foil; yet it 
fhould be remarked, that, in every hab of 
this kind, what appears to be the fummit of a 
hill is only a continuation of fome more eleva- 
ted hill in the neighbourhood, the upper ftrata 
of which confift of foft, and the inferior ftrata 
. of hard ftone; and the hard ftone found on the 
top of the firft hill is only a continuation of the 
under ftrata of the higher hill, ) 
Still, however, on the tops of hills which are. a 
not farmounted: by higher grounds, the ftone 
is moftly of a foft and friable nature; and hard 
{tone cannot be had without digging toa confi-= 
asrable depth. It is between  thefe. layers of . 
sie ate hard | 
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hard ftone only that marble is to be found ; and 
it is variegated with different colours by metallic 
fubftances carried down by rain-water, and fil- 
trated through the ftrata: And it is probable 
that, in every country which furnifhes ftones, 
marble would be found, if pits were dug to a 
fufficient depth: Quoto enim, fays Pliny, loco non 
fuum marmor invenitur? It is, in fact, a more 
common ftone than is genera ily imagined, and 
differs from other ftones only in the: finenefs of 
its grain, which renders it compact, and fufcep- 
tible of a fine and brilliant polifh. | 
Both the perpendicular fiflures, and the hori- 
zontal joints of quarries, are often filled, or en- 
crufted, with concretions, which are fometimes 
tranfparent, and of regular figures, ag cryftals, 
and fometimes earthy and opaque. Water runs. 
through the perpendicular hiffures, and even 
penetrates the clofe texture of the ftone itfelf. 
Stones which are porous imbibe water fo copio- 
oufly, that froft fplits them in pieces. The rain- 
waters, by filtrating through different flrata, are 
impregnated with à great variety of fubftances. 
They firf fink through the perpendicular fif- 
fures ; they then penetrate the ftrata of ftone, 
and depofite in the horizontal joints, as well ag 
in the perpendicular fiffures, fuch matter as they 
collect in their courfe, and give rife to diferent 
concretions, according to the nature of thefe 
fubftances. For ‘example, when the water fül- 
trates through marl, clay, or foft fone, the mat- 
| ter 
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ter which it depofites is nothing but a finé pure 
marl, and commonly appears in the perpendi- 


—— See Oe 


cular fiflures under the form of a porous, foft, — 


white, light fubftance, known among natu+ 
ralifts under the name of Lac Lunae, or ‘Medal- 
la Saxt, 

When veins of Waters charged with fuchey 
‘matter, run along the horizontal joints of foft 
{tone or chalk, this matter adheres to the furface 
of the ftones, and forms a white, fcaly, light, 
and fpongy cruft, which, from its refemblance 
to the agaric, has been called mineral agaric. But, 
if the ftrata through which the water penetrates 
be hard ftone, the filter being clofer, the water 
it allows to pafs will be impregnated with a fto- 
ney matter more pure and homogeneous; and, 
confequently, the particles being capable of a 
more compact and intimate union, will form 


concretions, nearly of equal denfity with the 


ftone itfelf, and fomewhat tranfparent. In quar- 
ries of this kind, the furface of the flones are 
encrufted with undulated concretions, which en- 
tirely fill up the horizontal joints. | 

In grottos and cavities of rocks, which may 
be regarded as the bafins or common fewers of 
the perpendicular fflures, the different directions 


of the veins of water give different forms to the | 


concretions that refult from them. Thefe forms 


are generally wreathed, or refemble an inver- M 
ted cone, attached to the roof of the cavern ; 


‘or, rather, they are white, hollow cylinders; com- 


poled ! 
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pofed of concentric coats. The impregnated 
waters fometimes fall in drops upon the floor of 
the cavern, and form columns, and a thoufand 
whimfical figures, to which naturalifts have 
given the different appellations of /alacTites, 
frelegmites, ofteocollae, &e. 
Laftly, When the concreting juices iffue im- 
“mediately from marble, or very hard ftone, the 
lapidific matter is rather diflolved than fufpend- 
ed in the water, and it forms a kind of columns 
with triangular points, which are tranfparent, 
and confift of oblique coats. This fubflance is 
diflinguifhed by the name of /par or /palt. It is 
erat paver and colourlefs, except when the 
‘ftone or marble through which it filtrates con- 
tains metallic oubioled This fpar is of equal 
hardnefs with the ftone itfelf, and it diflolves in 
acids, and calcines with the fame degree of heat, 
Hence it is evident, that fpar is a true ftone, and 
perfectly homogeneous. [t may even be con- 
fidered as a pure and elementary flone. 

Moft naturalifts, however, confidér this as a 
difin& fubftance, exifting independent of ftone : 
It is the lapidific or cryftalline juice, which, in 
their eftimation, not only cements the particles 
of common ftone, but even thofe of flint. This 

juice, they alledge, daily augmerits the denfity 
of ftones by reiterated ‘filtiations; and at laft 
“converts them into flint: When concreted into 
“fpar, it perpetually receives freth fupplies of fill 
3. 104 juice, which increafes-both its hardnefs 
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and its denfity, till it changes to the confiftence 
of glafs, then to that of cryftal, and at laft it is 
converted into genuine diamond, 

But, on this fuppofition, Why does the lapi- 


dific juice produce ftone in fome provinces only, © 


and nothing but flint in others? It may be faid, 
that the. one province is lefs ancient than the 
other, and that the juice has not had time fufi- 


cient to complete its natural operations. But in | 


this there is not the fhadow of probability. Be- 
fides, from whence. does this juice proceed ? If it 
gives rife to ftones and flints, from whence does 
it derive its own origin? It is obvious, that it 
has no exiltence independent of thofe fubftances 
= which alone can impart-to the water that pene- 
trates them a'petrifying quality that uniform- 
fy correfponds with their nature and peculiar 
properties. ‘Thus, when it filtrates. through 
ftone, it produces fpar ; when it iffues from flint, 
it forms eryftal ; and there are as many fpecies 
of this juice as of bodies from which it proceeds. 
Experience confirms this account of the matter. 


The waters which filtrate through quarries of 


eommon ftone form tender and calcinable con- 
cretions fimilar. to the ftones themfelves. On 
the other hand, the waters which exude from 
granite or from flint, produce concretions hard 
- and vitrifiable, and they have all the other pro- 


_perties of flint, as the former had all thofe of | 


ftone. In the fame manner, the waters which fil- 


trate through mineral and metallic fubftances, ‘ 


give 


? 
L 
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give He to pyrites, marcafites, and metallic 
grains, | 
It was s formerly remarked, that all matter 
might be divided into the two great clafles of 
Vitrifiable and Calcinable. Clay and flint, marl 
and ftone, may be regarded as the two extremes 
of each clafs, the intervals between which are 
filled with an almoft infinite variety of mixts, 
that have always one or other of thefe fubftan- 
» ces for their. baGs. : 
The fubftances belonging to the firft clafs can 
never acquire the properties of thofe of the lat- 
ter. Stone, however ancient, will for ever be 
equally removed from the nature of flint, as clay- 
-is from that of marl. No known agent can ever 
force them from the circle of deanacany pe- 
culiar to their nature. Places which produce | 
marble and ftone will always continue to do fo, 
as infallibly as thofe that produce only fand- 
ftone, flint, and granite, will never para lime- 
{tone or arte 
If we examine the order and diftribution of 
the materials of a hill compofed of vitrifiable 
_ fubftances, we fhall generally find, under the ve= 
getable foil, a ftratum of clay, which is likewife 
a See fubftance analogous to flint, and 
which, as already remarked, 1s only a decompo- 
fition LUMREANE fand ; or rather, we fhall find, 
. under the foil, a ftratum of vitrifiable fand. This 
ftratum of clay or of fand correfponds with the 
bed of gravel in hills confifting of calcinable 
G g 2. | matters. 
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matters. Below the ftratum of clay or of fand, 


we meet with fome beds of free-ftone, which: 


feldom exceed half a foot in thicknefs, and they 
are divided into fmall portions by perpendicular 


ffures. Under thefe are feveral ftrata of the 


fame matter, and likewife beds of vitrifiable 
fand, In pfoportion as we defcend, the free= 
ftone is more denfe, and its thicknefs increafes. 
Below thefe, we find what I call Zve-rock, or 
flint in large maffés, a fubftance fo hard as to re~ 
fit the file, and all kinds of acids, more power- 
fully than vitrifiable fand or powder of ¢lafs, 
upon which aquafortis feems to have fome effect, 
When ftruck with another hard body, it throws 
out {parks of fire, and exhales a penetrating ful- 
phureous vapour. This flinty fubftance is com- 
monly found along with beds ‘of clay, of flate, 
of pit-coal, of PART TUE fand ; and it corre- 
fponds to the ftrata of hard ftone and marble, 


which ferve as the bafes of hills that confit of 


calcinable matter. 

The waters, in paiing through the perpendi- 
cular fiffures, and in penetrating the ftrata of 
vitrifiable fand, of free-ftone, of clay, and of 


flate, are impregnated with the fineft and moft . 


homogeneous particles of thefe fubftances, and 
produce various coticretions, fuch as talc, afbef- 


tos, and other bodies which owe their exiftence — 


to diftillation through vitrifiable matter. 


Flint, notwithftanding its hardnefs and denfi- 


r, has, like marble and common ftone, its exu- 


dations, ! 


‘ 
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-dations, from which refult flalactites of different 
fpecies, varying intranfparency, colour, and con: 
figuration, according to the nature of the flint 
that produces them, and to the different metallic 
or heterogeneous particles it contains, Rock- 
cryftal, all the precious flones, and even the 
diamond itfelf, may be regarded as flalaétites of 
this kind. The flints in {mall mafles, the ftrata 
or coats of which are generally concentric, are 
only ftalactites or paratitical ftones from the 
flints in large mafles; and moftof the fine opaque 
ftones are nothing but fpecies of flint. ‘The 
fubftances produced by the vitrifiable clafs of 
bodies are not, as we have feen, fo various as 
the concretions formed by thofe of the calcinable. 
- Moft of the concretions formed by flint are hard 
and precious ftones; but thofe produced by cal- 

careous ftones are friable, and of no value. 
Perpendicular fiflures are found in, flint-rocks 
-as well as in ftone. They are even frequently 
_ Jarger in flint, which proves this fubftance to be 
drier than ftone. Both the hill confifting of 
calcinable, and that compofed of vitrifiable mat- 
ter, have clay or vitrifiable fand for their bafes, 
which are the moft commonly diffufed matters 
of the globe, and which I regard as the lighteft, 
being the fcoriae of the vitrified matter that con- 
ftitutes the interior parts of the earth. Thus all 
mountains as well as plains are founded either 
on clay or fand. We have feen, for example, 
in the pits of Amfterdam, and in that of Marly- 
| CE la-ville, 
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la-ville, that vitrifiable fand was always br 
deepeft ftratum: — \. ga 
It may be obferved, in moft bare rocks, Fe 4 
the walls of perpendicular fiffures, wheetide they 
be narrow or wide, correfpond as exa@ly with 
each others fplit pieces of wood. In the large à 
quarries of Arabia, which confift moftly of gra- 
nite, the perpendicular fiffures are frequent; and, 
though fome of them are 20 or 30 yards wide, 
the fides correfpond exadlly, and leave a deb : 
cavity between them™*, It is likewife common to 
find, in perpendicular fiffures, fhells divided into 
two pieces, each piece remaining attached to the 
oppofite fides of the fiflure; hick proves, that 
thefe' fheils were ‘depofited i in the folid ftratum — 
before it was {plit Ÿ. | 
In fome quarries mentioned ‘by Mr Shinya the © 
perpendicular fiflures are exceedingly large ; and 
for this reafon, perhaps, they are lefs nume- 
yous, In quarries. of granite and. flint in 
large mafles; blocks of ftone may be raifed, as 
‘the ‘obelifks and columns at Rome, of 60, 80, ! 
100, and 150 feet long, without the leaft inter- 
ruption. It appeafs, that thefe vait blocks have 
. been raifed from the fame quarry, and, like fome 
fpecies of free-ftone, that they may be had of — 
any given thicknefs. In other fubftances, the 
pre fiflures are very narrow,as in clay, 1 
in marl, and in chalk; and they are wider in. 
AT UNS | | marble — 
* See Shaw’s travels. | 


+ See Woodward, p. 298. 
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marble and hard ftone. Some are imperceptible, 
becaufe they have been filled with a matter near- 
ly fimilar to that of the ftone itfelf; but ftill 
they interrupt the continuity of the ftones, and 
are called hairs by the workmen. { have often 
remarked, that thefe hairs in marble and ftone 
differed from perpendicular fiffures only in the : 
feparation of parts not being complete. Thefe 
fpecies of fiflures are filled with a tranfparent 
matter, which is a true fpar. In quarries of 
free-ftone, the fiffures are numerous, and confi- 
derably large, becaufe rocks of this kind have 
often a lefs folid bafe than that which fupports 
marble or lime-ftone, the former generally reft- 
ing upon a fine fand, and the latter upon clay, 
_ In many places, free-ftone is not to be found in 
‘large maffes ; and in moft quarries, where this 
{tone is good, the blocks lie irregularly upon one 
another,in the form of cubes or parallelopipeds, 
as in the hills of Fountainbleau, which appear, 
ata diftance, like the ruins of old buildings. 
This irregular difpofition has been occafioned by 
the fandy foundation of thefe hills allowing the 
blocks to fink and tumble upon each other, e- 
fpecially where quarries have been formerly 
wrought, which has given rife to a great variety - 
of fiffures and intervals between the different 
blocks: And it may be remarked, in all coun- 
tries abounding with fand and free-ftone, that 
there are many fragments of rocks and large 
ftones in the middle of the plains and valleys; 

and 
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and that, on the contrary, in countries abound- 
ing with marble and hard ftone, thefe fcattered 
fragments, which have rolled down from the 
hills, are exceedingly rare. This phaenomenon 
is owing to the different folidities of the bafes 
upon which thefe ftones are fupported, and to 
the extent of the banks of marble or lime-ftone, 
which is always more confiderable than that of 
free-ftone, 


PROOFS 


OFTHE 
THEORY or rue EARTH. 
ARTICLE: XVUL 


Of the Effects of Rains—Of Marfhes, Subter- 


raneous Wood and Waters. 


T has already been remarked, that rains, 

and the currents of water which they pro- 
duce, continually detach, from the fummits and 
fides of mountains, earth, gravel, &c. and 
carry them down to the ME: and that the 
rivers tranfport part of them to the fea. The 
plains, therefore, by frefh accumulations of mat- 
ter, are perpetually rifing higher; and the moun- 
tains, for the fame reafon, are conftantly dimi- 
nifhing both in fize and elevation. Of the 
finking of mountains, Jofeph Blancanus relates 
feveral faéts which were publicly known in his 
time. ' The fteeple of the village of Craich, in 


the county of Derby, was not vifible in 1572, 
from 
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from a certain mountain, on account of a high- 
er mountain which intervened; but, 80 or. 
100 years afterwards, not only the fteeple, but 
likewife part of the church, were vifible from the 

fame ftation. Dr Plot gives a fimilar example 
of a mountain between Sibbertoft and Athby, in — 
the county of Northampton. Sand, earth, gra 
vel, and fmall ftones, are not only carried down 
by the rains, but they fometimes undermine and 
drive before them large rocks, which confide- 
rably diminifh the height of mountains. In ge- 
neral, the rocks are pointed and perpendicular 
in proportion to the height and fteepnefs of — 
mountains. The rocks in high mountains — 
are very ftraight and naked. The large frag- 
ments which appear in the valleys have been de- 
tached by the operation of water and of frofts. 
_ Thus fand and earth are not the only fubftances 
detached from mountains by the rains; they at- 
_ tack the hardeft rocks, and carry down large frag- 
ments of them into the plains. At Nant-phran- 
con, in 1685, a part of a large rock, which was 
fupported on a narrow bafe, being undermined by 
the waters, fell and fplit into a number of frag- 
ments, the largeft of which made deep trenches 
in the plain, croffed a fmall river, and {topped 
on the other fide. To fimilar accidents we. 
muit afcribe the origin of all thofe large ftones. 
which are found in valleys. adjacent to. moun- 
tains. [his phaenomenon, as formerly remark- 
ed, is more common in countries where the 
mountaing 
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mountains are compofed of fand and free-ftone, 
than in thofe the mountains of which confift of 
clay and marble ; aces fand is a lefs folid bafis 
than clay. 
To give an idea of the quantity ‘of earth de- 
ene from mountains by the rains, we fhall 
“quote a paflage on this fubjeét from Dr Plot’s 
‘natural hiftory of Stafford. He remarks, that 
a great number of coins ftruck in the reign of 
Edward IV. i.'e. 200 years ago, were found bu- 
‘ried 18 feet below the furface: Hence, he con- 
cludes, that the earth, which is marfhy where the 
coins were found, augments about a foot in ele- 
ven years, or an inch and a twelfth each year. 
A fimilar obfervation may be made on trees bu- 
ried 17 feet below the furface, under which were — 
found medals of Julius Caefar. Thus, the foil 
-of the plains is confiderably augmented and ele- 
vated by the matters wafhed down from the 
mountains. | - 

The fand, gravel, and earth carried down from 
the mountains into the plains, form beds which 
-ought not to be confounded with the original 
ftrata of the globe. To the former belong the 
beds of tufa, of foft ftone, and of fand and gra- 
vel which have been rounded by the operation 
of water. To thefe may be added thofe beds 
of ftone which have been formed by a fpecies of 
incruftation, none of which derive their ori- 
gin from thé motion or fediments of the fea. In 
PR ftrata of tufa and of foft imperfect ftones, 


WwW e 
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we find a number of different vegetables, leaves 
of trees, land or river-fhells, and {mall terreftri- 
al.animals, but never feacthalls. or other produc- 
tions of the ocean. This circumftance, joined 
to their want of folidity, evidently proves, that 
thefe {trata have been fuperinduced upon the dry 
furface of the earth, and that they are more re- 
cent than thofe of marble and other ftones which 
contain fea-thells, and have been originally form- 
ed by the waters of the fea.. Tufa, and other 
new ftones, appear to. be -hard and folid when 
firft dug out of the earth ; but they foon diffolve 
after being expofed tothe operation of the wea- 
ther. Their tubftance is fo different from that 
Of true ftone, that, when broken down in order 
to make fand of them, they change into a kind 
of dirty earth. The ftalactites, and other ftony 
concretions which Mr Tournefort apprehended 
to. be marbles that had vegetated, are not ge- 
nuine ftones. We have already fhown, that the 
formation of tufa is not ancient ; and that itis not 
entitled to be ranked with ftones. Tufa is an im- 
perfec fubflance, differing from ftone or earth, 
but derivingits origin from both. by the inter- 
vention, of rain water, in the fame manner as 
ancruftations are formed by the waters of certain 
{prings., Thus, the ftrata of thefe fubftances are 
not ancient ; nor have they, like the other fpe- 
cies, been formed by fediments from the waters 
of the ocean. The.ftrata of turf are alfo recent, 
and have been, pr oduced by fueceffive accumula- 

tions 


em .” 
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tions of half corrupted trees and other vegetables, 
which owe their prelervation to a bituminous 
earth: No production of the fea ever'appears in 
any of thefe new ftrata, . But, on the contrary, 
we find in them many vegetables, ‘the bones of 
land-animals, and land'and river-fhells, In the 

meadows near Afhly, in the county of Nor- 
thampton, for example, they find, feveral feet 
below: the furface, fnail-fhells, plants, herbs, and 
feveral fpecies of river-fhells, well preferved ; 
but not a fingle féa-fhell appears *, All thefe 
new ftrata have been formed by the waters on 
the furface changing their channels, and diffu- 
fing themfelves on all fides. Part of thefe wa- 
ters penetrate the earth, and run along the fif> 
fures of rocks and ftones. The reafon why wa- 
tet is fo feldom found in high countries, or on the 
tops of hills, is, becaufe high grounds are ge- 
nerally compofed of ftones and rocks.’ To find 
water; therefore, we muft cut through the rocks 
till we arrive at clay or firm earth, | But, when 
the thicknefs of the rock is great, as in high moun- 
tains where the rocks are often 1000 feet high, 
it is impoflible to pierce them to their bafe ; and 
confequeñtly it is impoffible to find water in fuch 
fituations. ‘There are even extenfive countries 
that afford no water, as in Arabia Petrea, which is 
a defert where no rains fall, where the furface of 
the earth is covered with burning fands, where 
there is hardly the appearance of any foil, and 


where nothing but a. few fickly plants are pro: 


| duced. 
* See phil. tranfi abridg. vol. 4. p. 271. 
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duced. In:this miferable country, vells. are fo 
rare, that travellers enumerate only five. be- 
tween Cairo and: Mount Sinai, and the water 
they contain is bitter and faltith. . 
When the fuperficial waters can find no out- 
lets or channels, they form marfhes and fens. 
The moft celebrated fens in Europe are thofe of 
Ruffia at the fource of the Tanais; and thofe of 
Savolaxia and; Enafak in Finland : There are alfo 
confidérable marfhes in Holland, Weftphalia, and 
other countries. In Afia are the marfhes of the 
Euphrates, of Tartary, and of the Palus Meotis. 
However, marfhes are lefs frequent in Afia and 
Africa than in Europe. But the whole plains 
of America may be regarded as oné continued 
marfh ; which is a greater proof of the modern= 
nefs of this country, and of the fcarcity of. its 
inhabitants, than of their want of induftry.. 
_ |. There are extenfive fensin England, particu- 
larly in Lincolnfhire, near the fea, which has 
loft a great quantity of land on one fide, and 
gained as much on the other. In the ancient 
foil many trees are found buried under the new 
earth which has been tranfported and depofited 
by the water: The fame phaenomenon is com- 
mon in the marfhes of Scotland. Near Bruges 
in Flanders, in digging to the depth of 40 or so 
feet, a vaft number of trees were found, as-clofe 
to each other as they are in a foreft. Their 
trunks, branches, and leaves were fo well pre- 
ferved, that their different {peciés could be eafily 
difinguifhed,. 
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diftinguithed, About 500 years ago, the earth 
where thefe trees were found was covered, with 
the fea; and, before this\time, we have’ neither 
record nor Pinion of its exiftence,. It muft, 
however, have been dry-land when the trees 
grew upon it.» Thus the land that, in fome re- 
mote period, was firm, and covered with wood, 
has been overwhelmed with, the waters of the 
fea, which, 1n the courfe of time, have depofited 
40 or 50 feet of earth upon the ancient furface, 
and then retired. A number of fubterraneous 
trees was likewife difcovered at Youle in York- 
fhire, near-the river Humber. Some of them 
are fo large as to be of ule in building; and it is 
affirmed, that they are as durable as oak. The 
country-people cut them into long thin flices, 
and fell them in the neighbouring villages, where 
the inhabitants employ them for lighting their 
pipes. All thefe trees appear to be broken; and 
the trunks are feparated from the roots, as if 
they had been thrown down by a hurricane. or 
an inundation. The wood appears to: be fir; it 
has the fame fmell when burnt, and makes che 
fame kind-of charcoal *.. In the Ifle of Man, 
there is a marth called Curragh, about fix miles 
long and: three broad, where fubterraneous fir- 
trees are found; and, though 18 or 20 feet be- 
low the furface, they ftand firm on their roots f. 
Thefe trees are common in the marfhes and bogs 
ae | 
-*® See Phil. Tranf. No. 228. 
_ + See Ray’s difcourfes, p. 232. 
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of Somerfet, Chefter, Lancafhire, and Stafford. 
In fome places’ there are  fubtérraneous trees 
which have been cut, fawed, and fquared by the 
hands of men; and’even axes, and other imple- 
ments, are often found near them. Between 
Birmingham and Bromley, in the county of 
_ Lincoln, there are hills of a fine light fand, 
which is blown about by the winds,and tran fl 
ported by the rains, leaving bare. the roots of 
largefirs, in which the impreffions of the ax are 
fill exceedingly apparent: Thefe hills have un- 
queftionably beem formed, like downs, by fuc- 
ceflive accumulations of fand tranfported by the 
motions of the fea.’ Subterraneous trees are al~ 
fo frequent inthe marfhes of Holland, Frizeland, 
and near Groningen, which abound in turfs. 
Subterraneous trees are of different’ fpecies, 
viz. fits, oaks, birch; beech, yew, hawthorn, wil- 
low,‘ ath, &c, Inthe fens of Lincoln, along 
the river Oufe, and on Hatfield-chace in York- 
fhire, thefe trees’ ftand erect, as if they! were 
growing ina foréft, The oaks are extremely 
hard, and are ufed in building, where they are 
{aid to laft lone, which | think improbable, as 
all the fpecimens I have examined lofetheir fo- 
lidity, after being'dried and expofed to the: air. 
The afhes are tender, ‘and foon fall into duft: 
Some of thefe trees are evidently ‘cut and fawed 
with inftruments; and the hatchets,: which aré 
fometimes found along with them, refemble the 
knives formerly ufed in facrifices,’ Befide trees, 
: Wwe 
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we alfo meet with vaft quantities of filberds, a- 
corns, and fir-cones, in many other fens in Eng- 
Jand, Scotland, and Ireland, as well as in the 
marfhes of France, Switzerland, Savoy, and 
Italy *. AURA 
For four miles round the town of Modena, 
whenever the earth is dug to the depth of 63 
feet, the workmen pierce about five feet more 
with a boring inftrument, through which, the 
water rufhes up with fuch impetuofity, that it 
fills the wells to the top, almoft inftantaneoufl y. 
The water in thefe wells continues perpetually, 
and is neither augmented nor diminifhed by 
rains or drought. What is ftill more remark- 
able in this fpot, whenever the workmen dig to 
the depth of 14 feet, they find the rubbifh and 
ruins of an ancient city, paved ftreets, houfes, 
and different pieces of Mofaic work. Below 
this, the earth is folid, and appears not to have 
been moved. Still lower, however, we find a 
moift foil mixed with vegetables; and, at the 
depth of 26 feet, entire trees, as filberds, with 
nuts upon them, and great quantities of branches 
and leaves, At 28 feet, there is a ftratum of 
foft chalk, 11 feet thick, mixed with fea-thells ; 
and after this we ftill meet with vegetables, 
‘leaves and branches of trees, till we arrive at the 
depth of 63 feet, where there is a ftratum of 
_fand mixed with gravel and fhells, fimilar to 
thofe which appear onthe coafts of Italy, Thefe 
Vor. I, eae EU fucceflive 


# See Phil. Tranf abridg. vol. 4. p. 218. &c. 
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fucceflive ftrata lie always in the fame order, 
wherever. pits have been dug; and fometimes_ 
the boring inftrument falls in with the trunks of 
large trees, which the workmen pierce with 
great labour: They likewife meet with bones of 
_ animals, pit-coal, flints, and pieces of iron. Ra- 
mazzini, who relates thefe facts, thinks, that the 
gulf of Venice formerly extended Beyond Mo- 
den, and that this land, in the progrefs of time, 

has been gradually formed by the rivers, affifted, 

perhaps, by inundations of the fea. 

I will infift no longer upon the varieties in the 
-compofition of new ftrata. It is füfficient to. 
have fhown that they have been produced by 
no other caufe than the waters which run or are 
ftagnant upon the furfacé, and that they ate 
neither fo hard nor fo folid as the ancient ftrata 
which were formed under the waters of the 


ocean. 
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THEORY of rue EARTH. 


ACR TS Poh ks XUX, 


Of the Changes a Land into Sea, and of Sea into 
Land, | 


ROM what has been remarked in article 7, 

7. 8. and g. it is apparent, that the ter- 
reftrial globe has undergone fome great and ge- 
neral changes; and it is equally certain, from 
what has been delivered in the other articles, 
that the furface of the earth has fuffered parti- 
cular alterations, Though we are not fufficient- 
ly acquainted with the order or fucceflion of 
thefe particular changes, we know the principal 
caufes by which they were produced. We can e- 
ven diftinguifh their different effe@s; and, if we 
were able to colleé all the facts which Harpe 
and civil hiftory afford concerning the revolu- 
har as? tions 


eet 
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tions that have happened on the furface of the 
earth, our theory would unqueftionably receive 
additional fupports, and would be rendered ftill 
more fatisfactory. 

One of the principal caufes of thefe revolu- 
tions is the motion of the fea, which has conti- 
ae invariably ! the fame in all ages ; for, as the 

fun, the moon, the earth, the waters, the air, &c. 
Have exifted from the moment of creation, the 
effects of the tides, of the motion of the fea He 
eaft to welt, of the currents; and of the winds, 
muft have been felt, for an equal time: And, 
even. fuppofing the axis of the globe to have 
formerly had a> different: the OR and that 
the continents, as well as the feas, were’ diffe- 
rently difpofed, the motions ofthe ocean, and 
the caufes and effeéts of the winds, would have 
remained unaltered. In whatever part of the 
globe the immenfe quantities of water which 
fill the ocean were colleeted, they would be fub- 
ject to the fame motions. 

It was no fooner falpeated that our continent 
rivight formerly have been the bottom of the 
fea, than the fad became 11 iconteftible. The 
fpoils of the ocean found in every place, the ho- 
-rizontal pofition of the flrata, and the correfpon- 
ding angles of the hills and mountains, appear- 
ed to be: convincing proofs ; for, when we ex- 
amine the plains, the valleys, sla the hills, it is 
apparent, that the furface of the earth has been 
figured by the waters, When we defcend into 

| the 
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the bowels of the earth, it is equally evident, 
that thofe ftones which include fea-fhells; have 
been formed by fediments depofited by the wa- 
ters, fince the fea-fhells themfelves are impreg- 
nated with the fame matter that furrounds them: 
And, in fine, if we confider the correfponding 
angles of the hillsand mountains, we cannot he- 
fitate in pronouncing, that theÿ received their 
configuration and direction from currents of the 
ocean. It is true, that, fince the earth was firft 
left uncovered with water, the original figure of 
its furface has been gradually changing: The 
mountains have diminifhed in height; the plains 
have been elevated; the angles of tlie hills have 
become more obtufe; thofe bodies which havé 
been rolled along by the rivers have received a 
roundifh figure; new beds of tufa, of ioft ftone, 
of gravel, &c. have been formed. But every 
thing has remained eflentially the fame. The an- 
cient form is full recognifable ; and I am per 
fuaded, that every man may be convinced, by 
his own eyes, of the truth of all that has been 
advanced on this fubjea; and, that whoever has 
attended tothe proots i have given, muit be fully 
fatisfied, that the earth was formerly under the 
waters of the ocean, and that the furface which 
we now behold received its configuration from _ 
the currents. and movements of the fea. 

We formerly remarked, that the pri incipal 
motion of the fea is from ealt to weit. The 
ocean, accordingly, feems to have gained from 
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the eaftern coafts both of the Old and the New 
Continent, a fpace of no lefs than 500 leagues. 
For the proofs, we muft refer to Art, IX. and 
fhall here only add, that the direGion of all 
{traits which join two feas, is from eaft to weft. 
The ftraits of Magellan, of Frobifher, of Hud- 
fon, of Ceylon, of the fea of Corea, and of | 
Kamti{chatka, lie all in this dire@ion, and ap- 
pear to have been formed by the irruption of 
the waters, which, being forcibly pufhed from . 
eaft to weft, have opened thefe paflages, where 
the waters ftill preferve a ftronger current in this 
than in any other direction ; for, in all ftraits of 
this Kind, the tides are high and violent ; but, 
in thofe fituated on the weftern coafts, as that of 
Gibraltar, of Sunda, &c. the motion of the tides 
is almoft imperceptible. | | 

The inequalities at the bottom of the fea 
change the diretion of the motion of the wa- 
ters. Thefe inequalities have originated from 
fediments and matters tranfported by the tides, 
or by other movements in the water: The tides 
are the principal and firft, though not the only 
caufe, which produced thefe inequalities. The 
wind is another caufe; though its ation be- 
gins at the furface, it agitates the whole mafs to — 
the greateft depths, as appears from particular 
bodies which are detached from the bottom of * 
the fea, and thrown afhore during violent ftorms 
only. 


It 


\ 


It has already been mentioned, that, between 


the Tropics,and even fome degrees beyond them, 


an eaft wind perpetually blows, ‘This wind, 
which affifts the general motion of the fea from 
eaft to welt, is as ancient as the tides ; becaufe 
it 1s A bac by the rarefaétion of the air 
produced by the heat of the fun. There are 
two combined caufes, therefore, the operation 
of which is greateft in the equatorial regions: 
iff, The tides, which are greate(ft in the fouthern 
latitudes ; and, 2d, The eaft winds, which con- 


fantly reign in thefe climates. Thefe two caufes 


have concurred, from the firft formation of the 


earth, in producinga motion in the waters from 


eaft to weft, and in agitating them more vio- 
lently in this region of the globe than in any 
other. It is for this reafon that we find between 
the Tropics the greateft inequalities upon the 
furface of the kaa That part of Africa which 
lies between thele circles, 1s nothing but'a gronp 


of Het chains of méuntains, which gene- 
rally extend from eat to welt, as appears 


from the direction of the great rivers that tra- 
verfesthis unknown region. The fame obfer- 
vation holds with regard to the countries both 
of Afia and America, which lie between the 
Tropics. | | | By: 

The general motion of the fea from eaft to 


weft, combined with the tides; currents, and 


winds, produce a RAUET of effects, both on the 


bottom of the ocean, and on the coafts: Vares 
nius 
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nius thinks it extremely probable, that gulfs and 
firaits have been formed by reiterated efforts of 
the ocean againft the land; that the gulfs of 
Arabia, of Bengal, and of Cambaya, have been 
produced by irruptions of the waters, as well as 
the ftraits between Sicily and Italy, between 

Ceylon and India, between Greece and Euboea, 
&c.; thatthe deb bi of fuch irruptions, and’ 
of certain lands having been deferted by the 
fea, is ftrengthened by the fcarcity of iflands in 
the middle of great feas, and by their never ap- 
pearing there in groups; that, in the immenfe 
{pace occupied by the Pacific Ocean, there are 
only two or three {malls iflands near the centre 
of it; and that, in the vaft Atlantic Ocean be- 

tween Africa and Brafil, we find only the {mall 

iffands of St Helena and Afcenfion: But all 

iflands lie near large continents, as thofe of the 

Archipelago, which approach the continents both 
of Europe and Afia; the Canaries are near Afri- 

ca; the Indian iflands lie near the eaftern part 
of the continent of Afia; the Antilles lie off the 
_coaft of America; and the Azores alone lie at a 
confiderable diftance both from Africa and Ame- 
rica. 

The popular tradition among the inhabitants 
of Ceylon, that their ifland had been feparated 
from the peninfula of India by an irruption of | 
the fea, is extremely probable. The great num- 
ber of rocks and fhoals between the ifland of 
Sumatra and the continent demonftrate their 

former 
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former union. The Malabarians affirm, that 
the Maldiva iflands once made a part of the con- 
tinent of India; and, in general, we may believe, 
without hefitation, that all the eaftern iflands 
have been feparated from continents by ee 
tions of the ocean *. 

The ifland of Great Britain appears to have 
been formerly a part of the continents and that 
England was once joined to France, the narrow- 
nefs of the ftrait, and the fanrenefs of the {trata 
of ftone and of earth on the oppofite fides, are 
a fufficient indication. If we fuppofe, fays Dr 
Wallis, that France was connected to England 
by an ifthmus between Calais and Dover, two 
tides would neceffarily ftrike with violence a- 
gainft each fide of it twice every twenty-four 
hours; and the operation of the fea, both on the 
eaft and weft of this ifthmus, would, in the 
courfe of time, gradually cut ‘Haigh fuch 
a narrow neck of land. The tides aGiing with 
violence not only againft this ifthmus, But alfo 
againft the coafts of France and of England, 
muft have carried away vaft quantities of earth, 
fand, and clay, from every part on which the 
waves exerted their fury. Their courfe, how- 
ever, being interrupted by the ifthmus, they 
would not, as might be imagined, depofite their 
 fediments upon its fhores, but would tran{port 
and depofite them on the great plain which now 

forms 

* See Varen. Geog. p. 203. 217. and 22 
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forms the marth of Romney and is four miles 


broad and eight long ; for no man, who has ever 
_feen this plain, can ponies doubt of its having 
been formerly covered with the fea, as, without 
the intervention of the dikes of Dimchurch, a 
great part of it would ftill be overflowed by 4s! 
fpring-tides. | 
The German fea would aé in the fame man- 


ner againft this ifthmus and againft the coafts of | 


England and Flanders, and would carry its fedi- 
ments into Holland and Zeland,the foil of which 
was formerly under the waters, thongh it is now 

elevated 40 feet above them. On the Englith 
coatt, the German fea muft have occupied that 
large valley which commences at Sandwich, 
runs by Canterbury, Chatham, Chilham, and 
terminates at Afhford, a fpace : more than 20 
miles, Here the land is much more elevated 
than it was in ancient times; for, at Chatham, 
the bones of an hyppopotamos were found bu- 
ried at the depth of 17 feet, and likewife anchors 
of fhips, ‘and fea-thells. 

Nothing is more apparent than that new lands 
are formed by the earth, fand, clay, &c. tran- 
{ported and depofited by the fea: For, in the 
ifland of Okney, which is adjacent to the marihy 
coait of Romney, there was a flat {pace of ground 
in continual danger of being ba aaa by the 

river Rother; but this flat, in lefgthan 60 years, 
has ik niente rably elevated by the acceflion 
of 
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of frefh matter brought in by every tide. This 
river has, befides, deepened its channel fo much, 
that its mouth, which, lefs than so years ago, 
was fordable by men, is now capable of receiving 
large veflels. 

In the fame manner has the bank of fand, - 
which runs obliquely from the coaft of Norfolk 
-to that of Zeland, been formed. This bank is 
the place where the German and French feas 
encounter fince the rupture of the ifthmus ; and 
it is here that the ‘waters depofite the earth 
and fand which they carry off from the coafts. 
It is even probable that this bank of fand may, 
in a fuccefiion of ages, give rife to a new 
ifthmus *. - 

It is extremely probable, fays Mr Ray, that 
the ifland of Great Britain was formerly joined 
to France: Whether it was feparated by an earth- 
quake, by an irruption of the ocean, or by the 
operation of men, we know-not. But the for- 
mer junction of Britain to the continent is ap- 
parent from the identity of the rocks and diffe- 
rent ftrata, at the fame elevation, on the oppolite 
coafts ; and from the fimilar extent of the rocks 
on each fide, being both about fix miles. The 
narrownefs of this ftrait, which exceed not 24 
Englifh miles, and its fhallownefs, when com- 
pared to the depth of the neighbouring fea, ren- 
der it probable that England has been feparated 
from France by fome accident. To thefe propfs 


we 
* Sce philofophical tranfa&. abridg. ‘af 4. p.227. 
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.we might add, that wolves and bears formerly 
exifted in this Alain, It is not probable that thefe 
animals could fwim over, nor that fuch deftruc- 
tive creatures would be tranfported by men; for, 
in general, the noxious animals of the continent 
are found in all thofe iflands which are very near 


it, but never in thofe that are remote. This fact 
was remarked by the Spaniards when they ar- 


rived at America *, 
In the reign of Henry I. of England, a part 
of Flanders was overflowed by an irruption of 


the fea, In 1446, more than 10,000: perfons — 


were drowned by a fimilar irruption in the ter- 
ritory of Dordrecht, and more than 100,000 
round Dullart in Frifeland and Zeland. In 
thefe two provinces, above 300 villages were 
overflowed. The tops of their towers and {pires 
are {ill vilible above the furface of the water. 
Froin the coafts of France, England, Holland, 

and Germany, the fea has in many places re- 
treated. Hubert Thomas, in his defcription of 
the country of Liege, affures us, that the walls 
of the city of Tongres were angen furround- 
ed by the fea, though it is now 35 leagues di- 
{tant from that city. He gives feveral fatisfac- 
tory reafons : Among othets, he informs us, 
that, in his time, the iron rings, to which {hips 
were faftened, {till remained in the walls. The 


fens of Lincoln, of the ifland of Fly, and the » 


Crau of Provence in France, may be regarded as 
lands 
# See Ray’s difcourfes, p. 208. 
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Jands abandoned by the fea, which has likewife, 
 fince the year 1665, retired confiderably from 
the mouth of the Rhone. At the mouth of the 
Arno in Italy, a large quantity of land has been 
gained from the fea; and Ravenna, which was 
formerly a harbour, is no longer a fea-port. 
The whole of Holland appears to be new land : 
The furface of the ground is nearly on a level 
with the fea, although it has received daily ele- 
vations from the mud and earths tranfported by 
the Rhine, the Maefe, &c.; for the foil of Holland 
was formerly, in many places, computed to be 
50 feet below the level of the fea. 

Tt has been alledged, that, in the year 860, a 
furious tempeft drove fuch quantities of fand up- 
on the coaft, that the mouth of the Rhine near 
Catt was entirely blocked up ; and that this river 
overflowed the whole country, overturned trees 
and houfes, and at laft emptied itfelf into the 
channel of the Maefe. {n-1421, another inun- 
dation féparated the city of Dordrecht from the 
main land, overwhelmed 72 villages, and drown- 
ed 100,000 perfons, befidea vaft number of cattle. 
The dike of Iffel was broken down in 1638, by 
the ice-boards from the Rhine blocking up the 
_paflage of the water, which occafioned an open- 
ing in the dike of feveral fathoms, and a great 
part of the province was laid under water before 
the breach could be repaired. ‘The province of 
.Zeland, in 1682, fuffered a fimilar inundation, 

which drowned more than 30 villages ; and an 
amazing 
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amazing number of men and cattle perifhed, as 
the unfortunate event happened during the 


night. The lofs would have been ftill greater, 
had’ not a fouth-eaft wind oppofed the motion 
of the waves ; for there was fuch a fwell in the 


fea, that the water rofe 18 feet above the higheft 


ground m the province *. 

The harbour of Hithe, in the county of Kent, 
is entirely blocked up, notwithftanding much 
labour and expence beftowed, on different occa- 
fions, to clear it from rubbifh. For feveral miles 
round, we find an aftonifhing quantity of fhells 
and other fea-bodies, which had been accumu- 
Jated in ancient times, and which are now co- 
vered with foil, and afford excellent pafturage. 


The fea, on the other hand, often encroaches 


upon the land, The lands of Goodwin, for ex- 
ample, which formerly belonged to a Nobleman 
of that name, are now converted into fands, 
and are covered with the waters of the ocean. 
Thus the fea gains upon fome coafts, and lofes 
upon others, according to their different fitua- 
tions and circumftances f.: 3 
Upon Mount Stella in Portugal, there is a 
lake, in which are found the wrecks of fhips, 
though this mountain is 12 leagues diftant from 
the fea T. Sabinius, in his commentary upon 
Ovid’s Metamorphofes, tells us, that, in the year 
) | 14.60, 
* See les Voyag. hil. de l’Europe, tom. 5, p. 70. 
t See Phil. Tranf. abridg. vol. 4. p. 234. 
t See Gordon’s Geog. Gram. p. 140 >, 
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1460, a fhip, with its anchors, were found i in 
one of the Alpine mines. 

Thefe changes of fea into land, and of land 
anto fea, are not peculiar to Europe. The other 
parts of the globe, if properly inveftigated, would 
furnifh more ftriking and numerous examples. 

Calecut was formerly a celebrated city, and 
the capital of a kingdom of that name. It is 
now reduced to an inconfiderable town, ill-built, 
and almoft deferted. The fea, which, for a cen- 
tury paft, has gained greatly upon this coatt, 
now covers moft of the ancient city. Ships — 
moor upon its ruins, and the port is choaked 
up with a number of rocks, upon which many 
veflels have been wrecked *, 

The province of Jucatan, a peninfula in the 
Gulf of Mexico, was formerly a part of the fea. 
This neck of land ftretches about 100 leagues 
in length, and is no where above 25 leagues 
broad. The air is hot and moift. The earth 
furnifhes plenty of water, though, in fo large a 
country, there are neither rivers nor brooks; and, 
when pits are dug, fuch multitudes of fhells e- 
very where appear, as leave no room for doubt- 
ing that this whole tract of land was formerly 
a part of the ocean, | 

It is a tradition among the inhabitants of Ma- 
labar, that the Maldiva iflands originally belong- 
ed to the continent of India, and that they were 
detached from it by the violence of the ocean. 

The 


# See lettres edifiantes, recueil 2. p. FO QS 
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The number of thefe iflands is fo great, andthey — 
are feparated by fuch narrow channels, that the — 
bow-fprits of vellels, in pafling, drive off leaves 
from the trees on each fide ; and, in fome places, 
a vigorous man, by laying hold of a branch, 
may leap into another ifland *, - The cocoa © 
trees found at the bottom of the fea, is a farther 
_ proof that the Maldiva’s formerly belonged to 
the continent. | 

The ifland of Ceylon, thofe of Rammanakoiel, 
and many other iflands, it is believed, were alfo 
disjoined from the continent by currents, which, 
‘ in many places of the Indian fea, are extreme- 
ly rapid f. It is certain, however, that the fea 
has encroached 30 or 40 leagues on the north- 
eaft coaft of Ceylon. 

The fea appears to have lately abandoned ma- 
ny of the promontories and iflands of America. 
We have already remarked, that the territory of 
Jucatan is full of fhells. The fame phaenome- 
non takes place in the low grounds of Marti- 


nico and the other Antilles. “he inhabitants - 


diftinguifh the earth below the furface by the 
name of me; becaufe they make lime of the 
fhells, great banks of which lie immediately un- 
der the vegetable foil {. : 

There are fome lands which the fea alternately 
covers and leaves bare, as happens in feveraliflands - 


of 


* See voyages des Hollandois aux Indes Orientales, P. 274, 
‘f Ibid. vol. 4. p. 485. 
i See Nouv. Voyages aux ifles de YP Amerique, 
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Norway, Scotland, the Maldiva’s, the gulf of 
Cambaya, &c. The Baltic fea has gradually 
gained a great part of Pomerania; and it has 
covered and deftroyed the celebrated port of Vi- 
neta, In the fame manner, the Norwegian fea 
has advanced into the continent, and formed. 
feveral iflands. The German fea has encroach- 
ed upon Holland, near Catt, to fuch a degree, 
that the ruins of an ancient Roman citadel, 
which was formerly fituated on the coaft, lie 
now at a confiderable diftance in the fea. The 
marfhy ground in the ifland of Ely, and the 
Crau of Province, are, on the contrary, lands 
which the fea has deferted. The Downs have 
_ been formed by accumulations of fand, earth, and 
fhells fucceflively driven upon the OAs by 
winds bl owing from the fea. For example, on 
the weft coafts of France, Spain, and Africa, a 
violent weft wind reigns, by which the waters 
are pufhed with violence againit the fhores ; and 
downs, accordingly, are frequent on thefe coafts. * 
The eaft winds, in the fame manner, when they 
continue long, drive the waters fo forcibly from 
the coafts of Syria and Phoenicia, that large 
chains of rocks, which are covered during the 
_ welt winds, are left dry. Befides, downs are, 
not compofed of ftones and marble, like the 
mountains which have been formed in the bot- 
tom of the ocean, becaufe they have not remain- 
ed long enough under the waters. That the wa- 
ters of the fea poflefsa petrifying power; and that 
VOL? 1, ti | the 
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the ftones formed in the earth are very different 
from thofe formed at the bottom of the ocean, 
is fully evinced in my difcourfe on minerals. 

Since fnithing my theory of the earth, which 
was compoled in the year 1744, I have pan 
M. Barrere’s differtation on the origin of figu- | 
red ftones. It gave me peculiar fatisfaction to 
find that the ideas of this accomplifhed naturalift, 
concerning the formation of downs, and the 
duration of the fea upon the furface of the 
earth which we inhabit, exactly correfponded 
with my own.  Aiguis-mortes, which is now 
more than a league and a half from the fea, 
was a port in the time of St Louis. Pfalmodi 
was an iflandin the 815; and it is now more 
than two leagues from the fea. The fame change 
has happened at Maguelone. The greateft part 
of the vineyard of Agde was covered, about 40 
years ago, with the waters of the fea. In Spain, 
the fea, within thefe.few years, has retired con- 
fiderably from Blanes, from Badalona, from the 
environs of the river Vobregat, from Cape Tor- 
tofa along the coaft of Valencia, &c. 

The fea may form hills and mountains, 1. By 
tranfporting earth, flime, fand, and fhells from 
one place to another : 2. By depofiting fediments 
compofed of {mall particles detached from the 
bottom and from the coafts: And, Jafly, hills | 
and downs may be formed by fand and other 
par ticles driven againit the coafts by particular — 
yinds ; ; thefe are gr adual y deferted by the fea, 

and 
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and become parts of the dry land. ‘The downs 
of Flanders and Holland are of this kind. They 
‘confift of fmall elevations or hills, compofed of 
fand and fhells which have been blown from 
the fea upon the coafts. M. Barrere gives ano- 
ther example, which merits obfervation. ‘ The 
‘ fea,’ he remarks, ‘ by its motion, detaches im- 
‘menfe quantities of plants, fand, fhells, and 
* flime from its bottom, which are continually 
* pufhed by the winds and the waves towards 
‘the coafts. The perpetual repetition of this ; 
operation muft give rife to gradual accumula- 
tions of new ftrata, which elevate the earth, 
produce downs and hills, enlarge the land, and 
confine the fea within narrower bounds. 
“It is apparent that new ftrata of , different 
materials muft have been formed by the con- 
€ fant attrition of the waters, by the depofition 
‘ of fediments, and by other caufes, the operation 
‘of which has been co-eval with the exiftence 
‘ of the globe itfelf. Of this we have a remark- 
‘ able proof in the different ftrata of foffil fhells, 
and other fea bodies found at Rouflillon near 
‘ the village of Naffiac, which is 7 or 8 leagues 
¢ from the fea. Thefe beds of fhells, which in- 
‘ cline at different angles from weit to eait, are 
© divided from each other by ftrata of earth and 
€ fand fometimes of a foot and a half, and fome- 
‘times of two or three feet in thicknefs. In dry 
‘ weather they feem as if fprinkled over with 
‘falt, and form a chain of hillocks from 25 to 
13 Pees 
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‘ 30 fathoms high. A long chain of hillocks of — 
*fuch a height could not be formed ° at once, _ 
‘ but an and by a long fucceffion of time? 
€ Effets fomewhat fimilar Wiehe have been pro- 
‘ duced by.an univerfal deluge. But, in this 
* cafe, the different beds of foffil fhells, inftead 
‘ of preferving a regular form, would have been 
‘ blended together without any order? 

I entirely agree with the fentiments of M. 
Barrere, except as to the formation of moun- 
tains, which ‘cannot be afcribed folely to thofe 

~ caufes which increafe the land, and diminith the 
boundaries of tle ocean. On the contrary, 
1 can produce feveral convincing arguments 
to prove that' moft of thofe eminences, which 
appear on the furface of the earth, have ac- 
tually received their original formation in the 
fea itfelf: 1. Becaufe they have correfponding 
angles, which neceflarily imply the caufe we ° 
have affigned, namely , the motion of the cur- 
erie, ho. eae downs» and hills, which 
bave originated from materials thrown upon the 
coalts, are not, like common hills, compofed of 
marble and hard ftones.’ Befides, the thells found 
‘in the former are only in the fofil fate; but 
thofe in the latter are entirely petrified. Net | 
ther is the pofition of the ftrata equally hori- 
zontal in’ downs, as in the hills compofed of — 
marble and hard ftone. They are more or lefs in= 
clined, as in the hills of Nafhac. On the-contrary, 
in the huls and mountain is formed by fediments 
# ‘+. Andes 
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under the waters of the fea, the ftrata are always 
parallel, and often horizontal ; and the fhells 
and other matter of them are completely petri- 


fied. I defpair not of being able to prove, that io 


the marbles and other calcareous bodies, which 
are-almoft all compofed of madrepores, aftroites, 
and fhells, have acquired their denfity and per- 
fection at the bottom of the ocean. : But the 
tufas, foft:ftones, incruftations, ftalaGtites, &c. 
which ;are likewife calcinable, and have been 
formed. fince the earth was left dry, can never 
acquire the degree of denfity and of petrifaGtion 
peculiar to marble and other hard ftones, 

The remarks of M. Saulmon, concerning the 
galets, which are found in many places, may be 
{een in the hiftory of the, French Academy, cu- 
no 1707. Thefe galets are round, flat, finely 
polifhed pieces of flint, thrown out by the fea 
upon the coafts. ‘At Bayeux, and at Prutel, 
which is a league from the fea, galets are found | 
in digging pits and wells.” The mountains of 
Bonneuil, of Broie, and of Quefnoy, which are 
18 leagues diftant from the fea, are covered with 
galets. They are allo found in the valley of 
Clermont in Beauvois. M. Saulmon farther — 
informs us, that a hole, 16 feet in length, was 
pierced horizontally into the high beach of ‘Tref- 
port, which confifts of a foft earth ; and that, 
in the {pace of 30 years, it was entirely oblite- 
rated by the fea. Suppofing the fea to encroach 

Liv “uniformly | 
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uniformly upon this fhore, it. will gain half a 
league in 12,000 years. Oro | 
The motions of the fea, therefore, muft be 
regarded as the principal caufe of all thofe chan- 
ges which have already happened, and of thofe 
which are daily produced upon the furface of 
the earth. But there are other caufes, which,. 
though lefs confiderable, have fome effect in 
changing the fuperficial parts of this globe. The 
rivers, the brooks, the melting of {nows, the tor- 
rents, the frofts, &c. have given rife to many 
alterations. The rains have diminifhed the 
height of the mountains; the rivers and brooks 
have elevated the plains, and dammed up the fea 
at their mouths; the torrents and the melting 
of fnows have fcooped out deep ravines or fur- 
rows in the valleys and narrow paflages between 
the mountains; the frofts have fplit rocks, and 
detached them from their original flations : In- 
numérable examples of revolutions produced by 
all thefe caufes might be given. Varenius tells 
ts, that the. rivers tonfart into the fea vaft 
quantities of earth, and depofite them at greater 
_or lefler diftances from the fhore, in proportion 
to the rapidity of their currents. Thefe portions 
of earth fall to the bottom, and firft form fmall 
banks, which, by conftant acceflions, become 
fhoals, and at laft abi in the form of fertile 
and habitable iflands, It is in this manner that 
the iflands in the.Nile, thofe in the river St 
Lawrence, the ifland of Landa, fituated near the 
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mouth of the river Coanza, on the coaft of A- 
frica, the Norwegian iflands, &c. have received 
their exiftence *, To thefe may be added the 
äfland of Trong-ming in China, which has been 
gradually formed by matters brought down by 
the river Nankin, and depofited near its mouth, 
This ifland is more than 20 leagues in length, 
and from $ to 6 in breadth f. | 
The Po, the Trento, and other rivers of Italy; 

bring down fuch quantities of earth into the 
lagunes of Venice, efpecially in the time of 
inundations, that they muft be gradually filled 
up. Many parts of them are already dry during 
the ebb tide; and there is in them no depth of 
water, except in the canals, which are fupported | 
at an immenife expence. 

Large fand-banks are thrown up at thé 
mouths of the Nile, of the Ganges, of the În- 
dus, of the Plata, and of many other rivers: 
La Uioubere, in his voyage to Siam, informs us; 
thatthe banks of fand and of earth augment 
daily, ‘at the mouths of the great rivers of Alta; 
and to Such a degree that the navigation of them 
becomes every hour more dificult, and will foon 
be impracticable. The fame obfervation applies 
to the great rivers of Europe, and elpecially to 
the Wolga, which empties itfelf by more than 
70 mouths into the Cafpian, and tothe Danube, 
which runs into the Black Sea by feven mouths, 
Src. | 


an | As 
* See Varen. Geogr. p. 214. | | | 
+ See Lettres edifiant. rec. 11: p. 2344 
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As it feldom rains in Egypt, the regular i- 
nundations of the Nile proceed from the torrents 
which fallinto it from Ethiopia. It brings down 
vaft quantities of mud, which it depofites annu- 
ally not only upon the foil. of Egypt, but 
throws it to great diftances into the fea, where it 
is laying the foundations of a 'new::country, 
which muft arife,.in the courfe of time, out of 


the bofom of the ocean ; for, upon founding at 


the difianee of 20 leagues. from the,coait,..the 
mud of thé: Nile is found, at.the bottom, of. the 
_ fea; and every year it receives. frefh accumula- 
tions. The Lower Fgypt, now called the De/ta, 
was formerly:a:bay *. Homer, tells us, that the 
ifland of Pharos was a day and a night’s voyage 
from Egypt; and now. it 1s almoft contiguous 
+6 the land, The foil of Egypt.is not. every 
where of an equal depth; it grows thinner the 
farther we remove from the fea, Near the banks 
of the Nile, there are fometimes more than 30 
feet of good foil; but, at the extremity of the i- 
nundation;, there are not, perhaps, above 7 inches. 
All the cities of the Lower Egypt have been 
built upon artificial eminences f. The town of 
Damietta, which is now ten miles from the fea, 
was a part of the ocean in the year 1243. The 
town of Fooah, which, 300 years ago, was fitu- 


@ 


ated at the mouth of the Canopic branch of the. 


Nile, is now 7 miles diftant from it. Within 
4.0 
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* See Diodor. Sic. lib. 3. Ariftot.de Meteor. lib. 1. cap. 14. 
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40 years, the fea has retired. half a league from_ 
Roferto, &c.,* : 

Many ar pre Le re nr at op 
mouths of the greatrivers of America, and even 
in thofe which; have been but lately dulcovered, 
Charlevoix tells us, that, at the mouth of the 
Miffifippi, below New Orleans, the land runs 
outinto a point, which appears not to be very 
ancient; becaufe, wherever the earth is dug, 
plenty of water,is found; and befides, the many 
little iflands which have ear appeared in all 
the mouths of this river, leave no room to doubt 
that this point of land was formed. in the fame 
manner, , It is certain, fays he, that, when M... 
Salle failed down the Miffifippi to the fea, the 
mouth of this. river was confiderably di Ecnent 

from what it 1s now. 
.. The nearer, he adds, we approach the fea, 
this difference becomes the more conf{picuous, 
There is no water in moft of the fmall channels 
cut in the bar by the river, Thefe channels 
are greatly multiplied by the trees brought down 
by the current. A fingle tree, with its branches 
and roots, when ftopped in a fhallow part of the 
river, will entangle a thoufand. 1 have feen, 
fays he, 200 leagues from New ‘Orleans, cea 
rent colleétions of trees, any one of which would 
fill all the wood-yards in Paris. Nothing can 
difentangle them. The mud brought down by 
the river ferves as a cement, and gradually 


% covers. - 


* See Shaw’s travels. 
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covers them. Every inundation leaves a new 
ftratum; and, in a few years, plants and fhrubs 
begin to grow. It is in this manner that moft 
points of land and iflands, which fo often change 
the courfe of rivers, are originally produced. : 
All the revolutions, however, produced by 
rivers, are very flow, and become not confider- 
able till after a long courfe of years. But thofe’ 
which are occafioned by inundations or earth- 
quakes are fudden, and almoft inftantaneous. 
According to the Timaeus of Plato, we are af- 
fured by the ancient priefts of Eg gypt, 600 years 
before the birth of Chrift, that there exifted an 
ifland beyond the Pillars of Hercules, called 
Atlantis, which was larger than both Afia and 
Lybia taken together; and that this great ifland 
was funk under the waters of the ocean by a 
terrible earthquake. ‘ Traditur Athenienfis civi- 
‘’tas reftitiffe olim innumeris hoftium copiis quae, 
‘ex Atlantico mari profe@ae, propé cunétam 
; Europam Afiamque obfederunt ; tunc enim 
‘’freétum illud navigabile, habens in ore et quai. 
* veftibulo ejus iafulam quam Herculis Columnas 
cognominant: Ferturque infula illa Lybia fi- 
* mul et Afja Major fuifle, per quam ad alias 
“ proximas infulas patebat aditus, atque éx infu- 
“lis ad omnem continentem é confpectu jacen- 
‘tem vero mari vicinam; fed intra os ipfum 
* portus angufto finu traditur, pelagus illud ve- 
“rum mare, terra quoque ille veré erat conti- 
‘ nens, &c. Poft haec ingenti terrae motu ju- 
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* gique diei unius et noétis illuvione fadum eft, 
“ut terra dehifcens omnes illos bellicofos abfor- 
* beret, et Atlantis infula fub vafto gurgite mer- 
“geretur. Plato in Timaco. This ancient tra- 
dition 1s not devoid of probability. The lands 
{wallowed up by the waters were, perhaps, thofe 
which united Ireland to the Azores, and the 
Azores to the continent of America; for, in 
Ireland, there are the fame foffils, the fame fhells, 
and the fame fea-bodies, as appear in America, 
and fome of them are found in no other part of 
Europe. 

Two evidences are mentioned by Eufebius on 
the fubjeét of deluges: The one is Melo, who 
affirms, that all the plains of Syria were former- 
Ty laid under water: The other is Abidenus, 
who fays, that, in the reign of King Sifithrus, 
there was a great deluge, which had been pre- 
diéted by Saturn. Plutarch De Solertia Anima- 
lium, Ovid, and other mythologiits, defcribe the 
deluge of Deucalion, which happened, they fay, 
in Theffaly, about 700 years after the univerfai 
deluge. It is alfo alledged, that there was a 
fill more ancient deluge in Attica, during the 
time of Ogiges, about 230 years perene that of 
Deucalion. In the year 1095, a deluge in Syria 
drowned a prodigious number of people * In 
1164, a deluge in Friefland covered the whole _ 
environs of the coafts, and drowned feveral 
thoufands of the inhabitants}. Another inun- 

dation, 


* See Alfted. Chron. chap. 25. + See Krank, lib. 5. c. 4. 
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dation, in, 1218, deftroyed 100,000 men. | Of 
inundations: thére are many other examples: . : 

_Impetuous winds may be regarded as a third 
er daar: changes on the furface of the globe. 
They not only give rife to downs and. hills along 
the fea-coafts, but they often arreft rivers, make 
them regorge, and change their directions. They 
carry off cultivated lands, tear up trees, overturn 
houfes, and. cover whole countries with fand. 
Uponthe coaft of Brittany, in France, we have 
an-example of thefe inundations of fand : The 
hiftory of the Academy, ann. 172 2 done it 
in the following terms : ig ; | 

‘In, the environs: of . St Pink de Leon, in 
‘ Lower Brittany, there is a province on the fea- 
coaft, which, before the year. 1666, was inha- 
* bited ;. but is now totally deferted, on account 
of an fand, which has covered it to the depth 
of 20 feet, and which daily gains ground. 
Reckoning from the above period, the fand 
has advanced about 6 leaguesinto the country; 
and it is now within half a league of St Paul, 
and that. town mult probably foon be deferted. 
The.tops of HEED Ef and of fome chimneys, 
fill appear above this ocean of fand. The 
inhabitants, however, have always had leifure 
to quit their poileffions in fafety ; p. 7.. 

* This calamity is augmented by an eaft, ora 
north wind, which elevate this fine fand, and: 
carry itin fuch quantities, and with fuch ra- 
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‘ piditÿ, that M. Deflandes, to AE the ite 
‘ demy are indebted for the obfervation, when 
“walking in this country during an nit wind, 
‘found himfelf obliged to tise his hat and His 
© garments from time to time, on account of the 
“great weight of fand with which they were 
“loaded. ' Befides, when the wind is violent, it 
“carries the fand over a finall arm of the fea‘as 
‘ far as Rofcof, a'port much ‘frequented: by fo- 
‘reign veflels; and the fand accumulates in the 
* ftreets of this village to the height of two feet, 
“whith obliges the inhabitants to drive it off in 
“wageons. It may be further remarked, that 
‘the AE is mixed with ferruginous particles, 
‘which are recognifable by'the magnet. 
The coaft which furnithes this fand extends 
* from St Paul to Plouefcat, a fpace of more than 
© four leagues ; and it is nearly on a level with 
© the fea when the tide is full. It is fituated in 
©fuch a manner that the eaft and north-eaft 
£ winds only can blow the fand in upon the 
“country. It is eafy to conceive how fand car- 
ried and accumulated into any place by the 
“wind, may again be taken up by the fame 
‘ wind, and carried ftill farther. Thus the fand 
“may continue advancing, and covering new 
‘ lands, as long as the magazine from which it 
* originally: etlterds fhall remain unexhaufted ; 
“for, if. the fountain were once’ dried up, t the 
: *fand, by advancing, ‘would diminifh in depth; 
* and 
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‘ and its deftructive confequences would gradu- 
‘ally decay. But it is not improbable that the 
‘fea may long continue to fupply frefh fand, 
‘and keep this baneful magazine in a condition 
‘to do perpetual mifchief. 
‘ This difafter is not of an old date. Perhaps 
“it was not till lately that the place was fuffi- 
‘ ciently ftored to allow great quantities of fand 
€ to be carried off; or, perhaps, it has but re- 
‘cently been A uncovered by the waters. 
; This coaft has undergone fome change. At 
‘ prefent, the fea, at full tide, reaches half a 
‘league on this fide of certain rocks, which it 
‘ formerly never pañled. 

‘This miferable province juftifies what has 
‘been related, both by ancient and by modern 
‘travellers, that whole cities, and, even  vaft 

‘ armies, have been buried by tempeñts of fand 
‘in the deferts of Arabia.’ 

Mr Shaw relates, that the ports of Laodicea, 
Tortola, Rowadfa, Tripoly, Tyre, Acra, and 
Jaffa, are blocked up with fand tranfported by 
the high waves which rife on that part of the 
coaft of the Mediterranean, when the welt 
winds blow with violence *. 

It is needlefs to give more examples. of alte- 
rations on the furface of this globe. The fire, 
the air, and the waters, produce continual 
changes, which, in a fucceflion of. ages, become 
confiderable. The fea and the land not only 


change À 


* See Shaw’s travels. 
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change places from the effects of general and 
ftated periodic laws, but a number of revolu- 
tions are occafioned by particular and accidental 
caufes, as earthquakes, inundations, finkings 
of mountains, &c. Thus the furface of the 
earth, which we regard as the moft permanent 
of all things, is fubjeéted, like the reft of ne | 
to pasta! viciflitudes, 
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wR o M. the Menor source. in ps ‘VIL 
and VIII. it appears to be an eftablifhed 
fa&, that the whole furface of what is now dry 
Jand, was formerly buried under the waters of 
the ocean. It is equally clear, from Art. Xil. 
that the flux and reflux, and other movements 
of the ocean, perpetually detach from the coatts 
and from the bottom of the fea, fhells, and mat- 
ter of every fpecies ; . and that thefe are depofited 
in other places in the form of fediments, and 
give rife to the horizontal firata which every 
where appear. Inthe IX. Art. we have proved, 
that the inequalities on the furface of the globe 
have been occafioned by the motion of the wa- 
ters of the fea ; and that the mountains received 
their original formation from fucceflive accu- 
mulations of fediments. It is likewife evident, 
from Art. XIII. that the currents which firft 
followed the direction of thefe inequalities, af- 
terwards beftowed on them their prefent figure, 
namely, their alternate and correfponding an- 
gles. From Art. VII. and XVIII. it appears, : 
‘that moft of the matters detached from the coafts 
and from the bottom of the fea were, when de- 
* pofited in fediments, in the form of a fine im- 
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palpable powder, which entirely filled the cavi- 
ties of fhells, whether this powder was of the 
fame nature, or only analogous to the matter of 
which the fhells were compofed. It is unde- 
niable, from Art. XVII. that the horizontal ftra- 
ta, which have been formed by fucceflive accu- 

mulations of fediments, and which at firft were 
foft and ductile, acquired denfity and compatt- | 
_ nefs in proportion as they dried ; and that the 
: perpendicular fiffures in the rts derived their 
. origin from the act of drying.. | 
After perufing Art. X. XI. XIV. XV. XVI. 
: XVII. XVHI. and XIX. we muft be convinced, 
that the furface of the earth has been disfigured 
by many revolutions and particular viciflitudes, 
arifing from the operation of the waters, and the 
effe&ts of rains, froft, rivers, winds, fubterraneous 
fires, earthquakes, inundations, &c. and, confe- 
quently, that the fea has alternately changed 
“ places with the dry land, efpecially in the firft 
ages after the creation, when terreftrial fubftan- 
ces were much fofter than they are at prefent. 
It muft however be acknowledged, that our | 
“judgment concerning the fucceflion of natural 
‘ revolutions cannot fail to be very imperfect; that 
we areftill lefs competent judges of thofe changes 
_ which owe their birth to fortuitous events ; and 
that the defect of hiftoric records deprives us of 
the knowledge of particular facts. We defiderate — 
both time and experience. We never confider, 
that, though our exiftence here be extremely li- 
Vou, I : KE .. mited, 
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mited, Nature proceeds in her courfe. We are { 
ambitions of condenfing into our momentary 
duration both the paft and the future, without’ 
refle@ing that human lifeis only a point of time, - 
afingle fa@ in the hiftory of the operations of © 
God... re à i Woah HOME 


oa 


- 
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